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(57)Abstract: 

PROBLEM TO BE SOLVED: To measure a spatial image with 
full accuracy. 

SOLUTION: A slit 22, which extends in Y-axis direction, having 
a width in the measurement direction (X-axis direction) less 
than (wavelength A/opening number N.A. of a projection optical 
system), is formed in a slit plate 90 of a spatial image 
measurement apparatus 59. When a specific pattern PM 
illuminated with an illumination light IL for this purpose and 
when the slit plate 90 is scanned in X-axis direction to the 
spatial image, in a state in which the spatial image of that 
pattern is formed on the image surface by way of a projection 
optical system PL, the light having transmitted the slit 22 during 
scanning is photoelectrical^ converted with a photoelectric 
converter element 24. The photoelectric conversion signal 
(signal which corresponds to the light intensity of the spatial 
image) is output. Then based on the photoelectric conversion 
signal, light intensity distribution corresponding to the spatial 
image is measured with a controller. In this case, the spatial 
image can be measured with practically sufficient accuracy, 
since the width of the slit 22 is equal to or less than (A/NA). 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] It is the space image measurement approach which measures the space image of the 
predetermined pattern formed of a projection optical system. The process which illuminates said pattern and 
forms the space image of this pattern on the image surface through said projection optical system by the 
illumination light; while extending in the 1st direction in a two-dimensional flat surface vertical to the 
optical axis of said projection optical system While the width of face of the 2nd direction of [ within said 
two-dimensional flat surface vertical to this ] scans the slit plate which has at least one slit defined in 
consideration of the wavelength lambda of said illumination light in said 2nd direction in said two- 
dimensional flat surface near [ said ] the image surface The space image measurement approach containing 
the process which acquires the photo-electric-translation signal according to the reinforcement of said 
illumination light which carried out photo electric translation of said illumination light which penetrated said 
slit, and penetrated said slit, and;. 

[Claim 2] It is the space image measurement approach which measures the space image of the 
predetermined pattern formed of a projection optical system. The process which illuminates said pattern and 
forms the space image of this pattern on the image surface through said projection optical system by the 
illumination light; while extending in the 1st direction in a two-dimensional flat surface vertical to the 
optical axis of said projection optical system While the width of face of the 2nd direction of [ within said 
two-dimensional flat surface vertical to this ] scans the slit plate which has at least one slit defined in 
consideration of numerical-aperture N.A. of said projection optical system in said 2nd direction in said two- 
dimensional flat surface near [ said ] the image surface The space image measurement approach containing 
the process which acquires the photo-electric-translation signal according to the reinforcement of said 
illumination light which carried out photo electric translation of said illumination light which penetrated said 
slit, and penetrated said slit, and;. 

[Claim 3] The width of face of said 2nd direction of said slit is the space image measurement approach 
according to claim 1 or 2 characterized by being the following (lambda/N.A.) which **(ed) wavelength 
lambda of said illumination light by numerical-aperture N.A. of said projection optical system more greatly 
than zero. 

[Claim 4] The width of face of said 2nd direction of said slit is the space image measurement approach 
according to claim 3 characterized by being 0.8 or less times of the above (lambda/N.A.). 
[Claim 5] The width of face of said 2nd direction of said slit is the space image measurement approach 
according to claim 1 or 2 characterized by being odd times the one half of the minimum pitch which are the 
line of the resolution limit which becomes settled according to lighting conditions including the 
classification of said illumination light and said pattern, and a pitch of a tooth-space pattern. 
[Claim 6] The width of face of said 2nd direction of said slit is the space image measurement approach 
according to claim 1 or 2 characterized by specifying the numerical aperture of lambda and said projection 
optical system as odd times of {lambda/(2 N.A.)} in it, using wavelength of said illumination light as N.A. 
[Claim 7] The space image measurement approach given in any 1 term of claims 1-6 characterized by 
including further the process which recovers the original space image by carrying out the Fourier transform 
of said photo-electric-translation signal, searching for spatial-frequency distribution, breaking this ****** 
spatial-frequency distribution by known frequency spectrum of said slit again, changing into the spectrum 
distribution of the original space image, and carrying out the inverse Fourier transform of this spectrum 
distribution. 

[Claim 8] Are the image formation property measurement approach which measures the image formation 
property of a projection optical system, and a predetermined pattern is illuminated by the illumination light. 
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Said projection optical system is minded for the space image of this pattern. The process formed on the 
image surface; while scanning the slit plate which has at least one slit of the predetermined width of face 
prolonged in the 1st direction in a two-dimensional flat surface vertical to the optical axis of said projection 
optical system in the 2nd direction vertical to said 1 st direction in said two-dimensional flat surface near 
[ said ] the image surface The process which acquires the photo-electric-translation signal according to the 
reinforcement of said illumination light which carried out photo electric translation of said illumination light 
which penetrated said slit, and penetrated said slit; the image formation property measurement approach 
containing the process which performs predetermined processing to said photo-electric-translation signal, 
and searches for the image formation property of said projection optical system, and;. 
[Claim 9] Detection of said photo-electric-translation signal, said pattern being the line and tooth-space 
pattern which have periodicity in the direction corresponding to the 2nd direction, and changing the location 
of said direction of an optical axis of said slit plate as a multiple-times repeat and said predetermined 
processing The Fourier transform of two or more photo-electric-translation signals acquired by said repeat is 
carried out, respectively. The contrast which is the gain of each primary frequency component and Oth 
frequency component is searched for. The image formation property measurement approach according to 
claim 8 characterized by detecting the best focus location of said projection optical system by detecting the 
location of said direction of an optical axis corresponding to the photo-electric-translation signal with which 
this contrast serves as max. 

[Claim 10] The image formation property measurement approach according to claim 9 characterized by 
including further the process which detects the image surface configuration of said projection optical system 
by performing detection of said best focus location repeatedly about two or more points from which the 
distance from the optical axis of said projection optical system differs. 

[Claim 1 1] The image formation property measurement approach according to claim 9 characterized by 
including further the process which performs detection of said best focus location in the optical axis of said 
projection optical system repeatedly about two or more said lines and tooth- space patterns of a different 
pitch, and searches for the spherical aberration of said projection optical system based on the difference of 
said best focus location corresponding to said each pattern. 

[Claim 12] Said pattern is a pattern with which the width of face of said 2nd direction contains at least one 
larger rectangle pattern than the width of face of said 2nd direction of said slit. Formation of said space 
image and detection of said photo-electric-translation signal are repeatedly performed about the space image 
of said pattern projected on the location where it differs in the image field of said projection optical system. 
As said predetermined processing The phase of two or more photo-electric-translation signals of each, 
acquired by said repeat, is detected. The image formation property measurement approach according to 
claim 8 characterized by computing the location of the space image corresponding to said each photo- 
electric-translation signal based on the result of this phase detection, respectively, and asking for at least the 
distortion of said projection optical system, and one side of a scale factor based on this calculation result. 
[Claim 13] Said pattern is a pattern with which the width of face of said 2nd direction contains at least one 
larger rectangle pattern than the width of face of said 2nd direction of said slit. Formation of said space 
image and detection of said photo-electric-translation signal are repeatedly performed about the space image 
of said pattern projected on the location where it differs in the image field of said projection optical system. 
As said predetermined processing Based on the intersection of two or more photo-electric-translation signals 
of each acquired by said repeat and predetermined slice level, the location of the space image corresponding 
to said each photo-electric-translation signal is computed, respectively. The image formation property 
measurement approach according to claim 8 characterized by asking for at least the distortion of said 
projection optical system, and one side of a scale factor based on this calculation result. 
[Claim 14] Said pattern is the image formation property measurement approach according to claim 8 
characterized by being the line and tooth-space pattern which have periodicity in said 1 st direction by the 
shape of a rectangle as a whole. 

[Claim 1 5] Formation of said space image and detection of said photo-electric-translation signal are 
repeatedly performed about the space image of said pattern projected on the location where it differs in the 
image field of said projection optical system. As said predetermined processing Based on the intersection of 
two or more photo-electric-translation signals of each acquired by said repeat and predetermined slice level, 
the location of the space image corresponding to said each photo-electric-translation signal is computed, 
respectively. The image formation property measurement approach according to claim 14 characterized by 
asking for at least the distortion of said projection optical system, and one side of a scale factor based on this 
calculation result. 
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[Claim 1 6] Said pattern is the image formation property measurement approach according to claim 8 
characterized by being the line and tooth-space pattern which have periodicity in the direction corresponding 
to said 2nd direction, computing the line breadth outlying observation of each of said line pattern as said 
predetermined processing based on the intersection of said photo-electric-translation signal and 
predetermined slice level, and searching for the comatic aberration of said projection optical system based 
on this calculation result. 

[Claim 17] Said pattern is the line and tooth-space pattern which have periodicity in the direction 
corresponding to said 2nd direction. As said predetermined processing The 1st fundamental-frequency 
component corresponding to the pitch of each of said line pattern of said photo-electric-translation signal, 
The image formation property measurement approach according to claim 8 characterized by computing 
phase contrast with the 2nd frequency component corresponding to the width of face of said line and the 
whole tooth-space pattern, and searching for the comatic aberration of said projection optical system based 
on this calculation result. 

[Claim 18] Said pattern is a symmetry mark pattern which has at least two kinds of line patterns with which 
the line breadth arranged at intervals of predetermined in the direction corresponding to said 2nd direction 
differs. As said predetermined processing The image formation property measurement approach according 
to claim 8 characterized by computing a gap of the symmetric property of the space image of said pattern 
based on the intersection of said photo-electric-translation signal and predetermined slice level, and 
searching for the comatic aberration of said projection optical system based on this calculation result. 
[Claim 1 9] In order to be the space image metering device which measures the space image of the 
predetermined pattern formed of a projection optical system and to form the space image of said pattern on 
the image surface through said projection optical system, The lighting system which illuminates said 
pattern; while extending in the 1st direction in a two-dimensional flat surface vertical to the optical axis of 
said projection optical system It is the following (lambda/N.A.) to which the width of face of the 2nd 
direction vertical to this **(ed) wavelength lambda of said illumination light by numerical-aperture N.A. of 
said projection optical system more greatly than zero. The slit plate which has at least one slit; Photo electric 
translation of said illumination light which penetrated said slit plate is carried out. The optoelectric 
transducer which outputs the photo-electric-translation signal according to the reinforcement of said 
illumination light which penetrated said slit; where said pattern was illuminated by said lighting system and 
said space image is formed on said image surface The processor which measures the optical intensity 
distribution corresponding to said space image based on the photo-electric-translation signal from said 
optoelectric transducer while scanning said slit plate in said 2nd direction in said two-dimensional flat 
surface near [ said ] the image surface, and a space image metering device equipped with;. 
[Claim 20] The substrate stage which is the aligner which imprints to a substrate the circuit pattern formed 
in the mask through a projection optical system, and holds said substrate; the aligner with which said slit 
plate is equipped with the space image metering device according to claim 19 which consisted of said 
substrate stages and one movable. 

[Claim 21] The aligner according to claim 20 characterized by having further the control unit which 
measures the optical intensity distribution corresponding to the space image of various mark patterns, and 
searches for the image formation property of said projection optical system based on the data of said the 
measured optical intensity distribution using said space image metering device. 

[Claim 22] The mark detection system which detects the location of the mark on said substrate stage; the 
aligner according to claim 20 characterized by having further the control unit which detects the relative- 
position relation between the projection location of the pattern of said mask by said projection optical 
system, and said mark detection system using said space image metering device. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the space image measurement approach, the image- 
formation property measurement approach, a space image metering device, and an aligner, and relates to the 
space image metering device for performing the image-formation property measurement approach which 
measures the image-formation property of a projection optical system using the space image measurement 
approach and this space image measurement approach of measuring in more detail the space image formed 
in the image surface from a projection optical system, and said space image measurement approach, and an 
aligner equipped with this space image metering device. 
[0002] 

[Description of the Prior Art] Conventionally, in case a semiconductor device or a liquid crystal display 
component is manufactured at a photolithography process, the projection aligner imprinted on substrates, 
such as a wafer with which the photo mask or the pattern of reticle (it is hereafter named "reticle" 
genetically) was applied to sensitization agents, such as a photoresist, by the front face through the 
projection optical system, or a glass plate, for example, the cutback projection aligner of a step-and-repeat 
method, (the so-called stepper), the scanning projection aligner (the so-called scanning stepper) of step - and 
- scanning method, etc. are used. 

[0003] By the way, since it is necessary to accumulate a different circuit pattern on many layers, and to form 
it on a substrate to manufacture a semiconductor device etc., it is important to lay the reticle by which the 
circuit pattern was drawn, and the pattern already formed in each shot field on a substrate on top of 
accuracy. In order to perform this superposition with a sufficient precision, it is indispensable that the image 
formation property of a projection optical system is adjusted to a desired condition. 

[0004] It is necessary to measure an image formation property to accuracy as a premise of adjustment of the 
image formation property of this projection optical system. It exposes using the mask for measurement with 
which the predetermined pattern for measurement was formed as the measurement approach of this image- 
formation property, and the approach (it is hereafter called the "burning method") of computing an image- 
formation property based on the measurement result of having measured the resist image from which the 
projection image of the pattern for measurement develops the substrate by which imprint formation was 
carried out, and is acquired is mainly used. In addition, without exposing actually, the space image 
(projection image) of the pattern for measurement which illuminated the mask for measurement by the 
illumination light, and was formed of the projection optical system is measured, and the approach (it is 
hereafter called "space image mensuration") of computing an image formation property based on this 
measurement result is also performed. 

[0005] The conventional space image measurement was performed in general as follows. That is, as shown, 
for example in drawing 38 (A), the opening plate 123 with which the square opening 122 was formed is 
installed on a substrate stage, the opening plate 123 is scanned in the direction of an arrow head A through a 
substrate stage to space image MP 1 of the pattern for measurement on the reticle for measurement formed of 
the non-illustrated projection optical system, and photo electric translation of the illumination light which 
penetrated opening 122 is received and carried out by the optoelectric transducer. By this photo electric 
translation, a photo-electric-translation signal (signal on the strength [ optical ] corresponding to a space 
image) as shown in drawing 38 (B) is acquired. Next, a differential wave as shown in drawing 38 (C) by 
differentiating the wave of a photo-electric-translation signal as shown in this drawing 38 (B) to a scanning 
direction is searched for. And based on a differential wave as shown in this drawing 38 (C), predetermined 
signal processing with the well-known Fourier transform etc. is performed, and it asks for the optical image 
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(space image) with which the measurement mark was projected. 

[0006] About detection of the distortion of the projection optical system based on measurement and this of 
this space image etc., it is indicated by ****** 10-209031 ******** etc. at the detail, for example. 
[0007] 

[Problem(s) to be Solved by the Invention] However, if it was in the above-mentioned conventional space 
image measurement approach, since big opening was made to scan and space image reinforcement was 
measured, as shown in drawing 38 (B), a result in which the big low-frequency component in addition to the 
spatial-frequency component by which the profile of a space image is characterized is intermingled had been 
brought. The S/N ratio of the signal component which reflected the profile of a space image as a result from 
there being a limitation in the dynamic range of a latter signal-processing system, and on the other hand this 
resolving power (for example, the actual condition about 1 6 bits) to the dynamic range of a signal- 
processing system being restricted could not but become small. For this reason, it was weak in the noise and 
it difficult for degradation of an image profile to become large in case it changes into a space image signal 
on the strength from a space image, and to measure a space image in sufficient precision. 
[0008] In addition, also in the former, the equipment which mainly scans a slit to the space image of a 
pattern for the purpose of detection of the image formation location of a pattern is indicated by JP,58- 
7823,A etc. However, with the equipment indicated by this official report, slit width was determined 
corresponding to the configuration of a mask pattern (reference pattern). For this reason, it was difficult to 
measure the space image of the pattern of various configurations (magnitude is included) to accuracy. 
[0009] This invention was made under this situation and the 1st object is in offering the space image 
measurement approach and space image metering device which can measure a space image in sufficient 
precision. 

[0010] Moreover, the 2nd object of this invention is to offer the image formation property measurement 
approach which can measure the image formation property of a projection optical system with a sufficient 
precision. 

[001 1] Moreover, the 3rd object of this invention is to offer the aligner which can aim at improvement in 

exposure precision. 

[0012] 

[Means for Solving the Problem] Generally, the resolution (resolution) R of the projection optical system 
with which an aligner is equipped is expressed with the relation between R=kxlambda/N.A. (lambda is a 
constant (process multiplier) as which the wavelength of the illumination light and N.A. are determined by 
the numerical aperture of a projection optical system besides the resolution of a resist, and k is determined 
according to a process) as the formula of Rayleigh is sufficient and it is known. Then, as a result of an 
artificer's conducting various experiments etc. paying attention to this point, it became clear that a good 
result was obtained in space image measurement by defining the width of face of the scanning direction of 
opening used for space image measurement at least in consideration of one side with the wavelength lambda 
of the illumination light, and numerical-aperture N.A. of a projection optical system. The space image 
measurement approach concerning this invention is made based on the new knowledge which this artificer 
acquired. 

[0013] Invention according to claim 1 is the space image measurement approach which measures the space 
image of the predetermined pattern formed of a projection optical system (PL). The process which 
illuminates said pattern and forms the space image of this pattern on the image surface through said 
projection optical system by the illumination light (IL); while extending in the 1st direction in a two- 
dimensional flat surface vertical to the optical axis of said projection optical system While the width of face 
of the 2nd direction of [ within said two-dimensional flat surface vertical to this ] scans the slit plate (90) 
which has at least one slit defined in consideration of the wavelength lambda of said illumination light in 
said 2nd direction in said two-dimensional flat surface near [ said ] the image surface The process and; 
which acquire the photo-electric-translation signal according to the reinforcement of said illumination light 
which carried out photo electric translation of said illumination light which penetrated said slit, and 
penetrated said slit are included. 

[0014] According to this, by the illumination light, a predetermined pattern is illuminated and the space 
image of this pattern is formed on the image surface through a projection optical system. And while 
extending in the 1st direction to this space image in a two-dimensional flat surface vertical to the optical axis 
of a projection optical system While the width of face of the 2nd direction of [ within said two-dimensional 
flat surface vertical to this ] scans the slit plate which has at least one slit defined in consideration of the 
wavelength lambda of the illumination light in the 2nd direction in said two-dimensional flat surface near 
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the image surface The photo-electric-translation signal according to the reinforcement of the illumination 
light which carried out photo electric translation of the illumination light which penetrated the slit, and 
penetrated the slit is acquired. And a space image (distribution of image reinforcement) can be obtained by 
performing predetermined processing to this photo-electric-translation signal. 

[0015] That is, the space image of a predetermined pattern can be obtained with a slit scan method. In this 
case, since the width of face of the scanning direction of a slit is defined in consideration of the wavelength 
of the illumination light, it becomes possible to measure a space image in sufficient precision. 
[0016] Invention according to claim 2 is the space image measurement approach which measures the space 
image of the predetermined pattern formed of a projection optical system. The process which illuminates 
said pattern and forms the space image of this pattern on the image surface through said projection optical 
system by the illumination light; while extending in the 1st direction in a two-dimensional flat surface 
vertical to the optical axis of said projection optical system While the width of face of the 2nd direction of 
[ within said two-dimensional flat surface vertical to this ] scans the slit plate which has at least one slit 
defined in consideration of numerical-aperture N.A. of said projection optical system in said 2nd direction in 
said two-dimensional flat surface near [ said ] the image surface The process and; which acquire the photo- 
electric-translation signal according to the reinforcement of said illumination light which carried out photo 
electric translation of said illumination light which penetrated said slit, and penetrated said slit are included. 
[0017] According to this, by the illumination light, a predetermined pattern is illuminated and the space 
image of this pattern is formed on the image surface through a projection optical system. And while 
extending in the 1st direction to this space image in a two-dimensional flat surface vertical to the optical axis 
of a projection optical system While the width of face of the 2nd direction of [ within said two-dimensional 
flat surface vertical to this ] scans the slit plate which has at least one slit defined in consideration of 
numerical-aperture N.A. of a projection optical system in the 2nd direction in said two-dimensional flat 
surface near the image surface The photo-electric-translation signal according to the reinforcement of the 
illumination light which carried out photo electric translation of the illumination light which penetrated the 
slit, and penetrated the slit is acquired. And a space image (distribution of image reinforcement) can be 
obtained by performing predetermined processing to this photo-electric-translation signal. 
[0018] That is, the space image of a predetermined pattern can be obtained with a slit scan method. In this 
case, since the width of face of the scanning direction of a slit is defined in consideration of the numerical 
aperture of a projection optical system, it becomes possible to measure a space image in sufficient precision. 

[0019] As for the width of face of said 2nd direction of said slit, in the space image measurement approach 
concerning each invention given in above-mentioned claims 1 and 2, it is desirable like invention according 
to claim 3 that it is the following (lambda/N.A.) which **(ed) wavelength lambda of said illumination light 
by numerical-aperture N.A. of said projection optical system more greatly than zero. Since the width of face 
of the scanning direction of a slit is defined in consideration of both wavelength lambda which is two 
parameters which affect resolution, and numerical-aperture N.A. in this case, even if compared with each 
invention given in claims 1 and 2, it becomes possible to measure a space image with a much more 
sufficient precision. That the width of face of the scanning direction of a slit presupposed that it is the 
following (lambda/N.A.) here An artificer the width of face (it considers as 2D) of the scanning direction of 
a slit as 2D=f(lambda/N.A.) =n- (lambda/N.A.) [ 1st ] So that it may be because the good result (result 
practical enough) was obtained when it considered as a multiplier n= 1 as a result of repeating simulation, an 
experiment, etc. and conducting them and may mention later to the 2nd It is because the above-mentioned 
photo-electric- translation signal becomes the convolution of SURITSU ** and the intensity distribution of a 
space image, so width-of-face 2D of the scanning direction of the slit from the field of measurement 
precision is so good that it is small. 

[0020] In this case, as for the width of face of said 2nd direction of said slit, it is much more desirable like 
invention according to claim 4 that they are 0.8 or less times of the above (lambda/N.A.). Like *♦**, the slit 
width from the field of measurement precision was so good that it was small, and when slit width 2D was 
80% or less of lambda/(N.A.) according to the simulation and the experiment which the artificer conducted, 
the much more practical thing was checked. 

[0021] However, since the optical reinforcement which penetrates a slit will become small too much and 
measurement will become difficult if the constraint from a throughput side is taken into consideration, and 
2D is too small, a certain amount of magnitude is required. 

[0022] In the space image measurement approach concerning each invention of a publication, the width of 
face of said 2nd direction of said slit is good for above-mentioned claims 1 and 2 like invention according to 
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claim 5 also as being odd times the one half of the minimum pitch which are the line of the resolution limit 
which becomes settled according to lighting conditions including the classification of said illumination light 
and said pattern, and a pitch of a tooth-space pattern. 

[0023] Here, in the case of the phase shift pattern, i.e., pattern of the phase shift mask (phase shift reticle) 
which adopted the phase shift method, which does not use a phase shift method etc. under conventional 
lighting, it is checked by the above-mentioned minimum pitch usually serving as lambda/N. A. mostly in the 
case of a pattern that a minimum pitch becomes lambda/(2 N.A.) mostly. In addition, a halftone mold, the 
Levenson mold, etc. are mentioned as a phase shift mask. 

[0024] In the space image measurement approach concerning each invention given in above-mentioned 
claims 1 and 2, the width of face of said 2nd direction of said slit is good like invention according to claim 6 
also as specifying the numerical aperture of lambda and said projection optical system as odd times of 
{lambda/(2 N.A.)} in it, using wavelength of said illumination light as N.A. 

[0025] In each invention given in above-mentioned claims 1-6, the Fourier transform of said photo-electric- 
translation signal is carried out like invention according to claim 7, and spatial-frequency distribution is 
searched for, and this ****** spatial-frequency distribution can be again broken by known frequency 
spectrum of said slit, and it can change into the spectrum distribution of the original space image, and 
suppose that the process which recovers the original space image is included further by carrying out the 
inverse Fourier transform of this spectrum distribution. 

[0026] Invention according to claim 8 is the image formation property measurement approach which 
measures the image formation property of a projection optical system. A predetermined pattern is 
illuminated by the illumination light. Said projection optical system is minded for the space image of this 
pattern. The process formed on the image surface; while scanning the slit plate which has at least one slit of 
the predetermined width of face prolonged in the 1 st direction in a two-dimensional flat surface vertical to 
the optical axis of said projection optical system in said 2nd direction vertical to said 1st direction in said 
two-dimensional flat surface near [ said ] the image surface The process which acquires the photo-electric- 
translation signal according to the reinforcement of said illumination light which carried out photo electric 
translation of said illumination light which penetrated said slit, and penetrated said slit; the process and; 
which perform predetermined processing to said photo-electric-translation signal, and search for the image 
formation property of said projection optical system are included. 

[0027] According to this, by the illumination light, a predetermined pattern is illuminated and the space 
image of this pattern is formed on the image surface through a projection optical system. The photo-electric- 
translation signal according to the reinforcement of the illumination light which carried out photo electric 
translation of the illumination light which penetrated the slit, and penetrated the slit in this condition while 
scanning the slit plate which has at least one slit of the predetermined width of face prolonged in the 1 st 
direction in a two-dimensional flat surface vertical to the optical axis of a projection optical system in the 
2nd direction vertical to the 1 st direction in said two-dimensional flat surface near the image surface is 
acquired. And predetermined processing is performed to this photo-electric-translation signal, and the image 
formation property of a projection optical system is searched for. 

[0028] That is, since the space image of a predetermined pattern can be obtained, predetermined processing 
is performed to this acquired photo-electric-translation signal and the image formation property of a 
projection optical system is searched for with a slit scan method, it becomes possible to measure the image 
formation property of a projection optical system with a sufficient precision. 

[0029] Like invention according to claim 9, in this case, said pattern When it is the line and tooth-space 
pattern which have periodicity in the direction corresponding to the 2nd direction, detection of said photo- 
electric-translation signal, changing the location of said direction of an optical axis of said slit plate as a 
multiple-times repeat and said predetermined processing The Fourier transform of two or more photo- 
electric-translation signals acquired by said repeat is carried out, respectively. The contrast which is the gain 
of each primary frequency component and 0th frequency component can be searched for, and suppose that 
the best focus location of said projection optical system is detected by detecting the location of said 
direction of an optical axis corresponding to the photo-electric-translation signal with which this contrast 
serves as max. Since the above-mentioned contrast changes sensitively according to a focal location (the 
amount of defocusing), according to this invention, it can measure the best focus location of a projection 
optical system often [ precision ] and easily (decision). 

[0030] In this case, suppose that the process which detects the image surface configuration of said projection 
optical system is included further like invention according to claim 10 by performing detection of said best 
focus location repeatedly about two or more points from which the distance from the optical axis of said 
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projection optical system differs. It becomes possible to ask accuracy for the image surface easily by 
performing detection of a best focus location repeatedly about two or more points from which the distance 
from the optical axis of said projection optical system differs, and performing a statistical procedure based 
on the detection result, since the image surface, i.e., the best image formation side, is a field which consists 
of the set of the best focus point in the countless point (namely, countless point that the so-called height of 
an image differs) that the distance from an optical axis differs. 

[0031] Suppose that the process which performs detection of said best focus location in the optical axis of 
said projection optical system to above-mentioned claim 9 like invention according to claim 1 1 repeatedly 
about two or more said lines and tooth-space patterns of a different pitch, and asks it for the spherical 
aberration of said projection optical system in the image formation property measurement approach 
concerning invention of a publication based on the difference of said best focus location corresponding to 
said each pattern is included further. It is one of the aperture aberration of optical system, and when a bundle 
of rays with various openings from the object point on an optical axis carries out incidence of the spherical 
aberration to optical system, it is a phenomenon in which the corresponding image point does not carry out 
image formation to one point. Therefore, based on the difference of two or more lines of a pitch which is 
different in detection of the best focus location in the optical axis of a projection optical system and a tooth- 
space pattern ****** repea t deed, and the best focus location corresponding to each pattern, spherical 
aberration can be easily searched for by the operation. 

[0032] In the image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 12 said pattern It is the pattern with which the width of 
face of said 2nd direction contains at least one larger rectangle pattern than the width of face of said 2nd 
direction of said slit. Formation of said space image and detection of said photo-electric-translation signal 
are repeatedly performed about the space image of said pattern projected on the location where it differs in 
the image field of said projection optical system. As said predetermined processing The phase of two or 
more photo-electric-translation signals of each, acquired by said repeat, is detected. Based on the result of 
this phase detection, the location of the space image corresponding to said each photo-electric-translation 
signal can be computed, respectively, and suppose that it asks for at least the distortion of said projection 
optical system, and one side of a scale factor based on this calculation result. 

[0033] Here, distortion is the aberration of the projection optical system which becomes the image at which 
what should become a straight line essentially around in the image field turned, like the case where there is a 
scale-factor error by distortion, a pattern image shifts from the position on the image surface, and image 
formation (carrying out a strike slip) is carried out. 

[0034] Since it can ask for a location gap of the space image of the pattern projected on the location where it 
differs in the image field of a projection optical system by the technique of phase detection with a 
respectively sufficient precision according to this invention, either [ at least ] distortion or a scale factor is 
measurable with a sufficient precision as a result. It is because it will become difficult under the effect of 
other aberration, such as comatic aberration, to measure distortion to accuracy if having presupposed the 
pattern that the width of face of the 2nd direction contains at least one larger rectangle pattern than the width 
of face of the 2nd direction of a slit here has the width of face of the 2nd direction of a pattern smaller than a 
slit. 

[0035] In the image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 13 said pattern When the width of face of said 2nd 
direction is a pattern containing at least one larger rectangle pattern than the width of face of said 2nd 
direction of said slit Formation of said space image and detection of said photo-electric-translation signal are 
repeatedly performed about the space image of said pattern projected on the location where it differs in the 
image field of said projection optical system. As said predetermined processing Based on the intersection of 
two or more photo-electric-translation signals of each acquired by said repeat and predetermined slice level, 
the location of the space image corresponding to said each photo-electric-translation signal is computed, 
respectively. Suppose that it asks for at least the distortion of said projection optical system, and one side of 
a scale factor based on this calculation result. 

[0036] According to this invention, by the technique of edge detection using a slice method, it can ask for 
the location of the space image of the pattern projected on the location where it differs in the image field of 
a projection optical system with a respectively sufficient precision, and distortion can be measured with a 
sufficient precision as a result. Here, a pattern depends on the same reason [ that we decided that the width 
of face of the 2nd direction contains at least one larger rectangle pattern than the width of face of the 2nd 
direction of a slit ] as the case of claim 12. 
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[0037] In the image formation property measurement approach of a publication, said pattern is good for 
above-mentioned claim 8 as a whole like invention according to claim 14 also as being the line and tooth- 
space pattern which have periodicity in said 1st direction by the shape of a rectangle. In this case, the signal 
of the time of a relative scan being carried out in the direction vertical to the periodic direction of a pattern, 
and a slit carrying out the slit scan of the rectangle pattern of the shape of the whole pattern configuration 
and isomorphism as a result with a slit scan method, when detection of the space image of a predetermined 
pattern is performed, and the same space image can be acquired. Space image measurement equivalent to 
the time of using this mark pattern is attained without forming actually by this, the BOX mark (inner BOX 
mark) pattern of 1 0-micrometer angle with which formation was made difficult in the latest CMP process, 
since dishing arises. 

[0038] Like invention according to claim 15, in this case, formation of said space image, and detection of 
said photo-electric-translation signal It carries out repeatedly about the space image of said pattern projected 
on the location where it differs in the image field of said projection optical system. As said predetermined 
processing Based on the intersection of two or more photo-electric-translation signals of each acquired by 
said repeat and predetermined slice level, the location of the space image corresponding to said each photo- 
electric-translation signal is computed, respectively. It is good also as asking for at least the distortion of 
said projection optical system, and one side of a scale factor based on this calculation result. 
[0039] In the image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 16 said pattern When it is the line and tooth-space 
pattern which have periodicity in the direction corresponding to said 2nd direction, as said predetermined 
processing Based on the intersection of said photo-electric-translation signal and predetermined slice level, 
the line breadth outlying observation of each of said line pattern can be computed, and suppose that the 
comatic aberration of said projection optical system is searched for based on this calculation result. 
[0040] Comatic aberration is the aberration of the lens by scale factors differing by the various zona 
orbicularis of a lens, and is produced into the part of the image of the distance which is separated from the 
main shaft of a projection optical system. Therefore, in the location distant from the optical axis, the line 
breadth of each line pattern will differ among the space images of a line and a tooth-space pattern according 
to comatic aberration. Therefore, according to this invention which detects the line breadth outlying 
observation of each line pattern by the technique of edge detection using a slice method, it becomes possible 
to measure comatic aberration often [ precision ] and easily. 

[0041] In the image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 1 7 said pattern When it is the line and tooth-space 
pattern which have periodicity in the direction corresponding to said 2nd direction, as said predetermined 
processing The phase contrast of the 1st fundamental-frequency component corresponding to the pitch of 
each of said line pattern of said photo-electric-translation signal and the 2nd frequency component 
corresponding to the width of face of said line and the whole tooth-space pattern can be computed, and 
suppose that the comatic aberration of said projection optical system is searched for based on this 
calculation result. Since it is greatly influenced of comatic aberration so that the width of face of the 
scanning direction of the pattern set as the object of space image measurement is narrow, the effect of 
comatic aberration to the space image of each line pattern of a line and a tooth-space pattern and the effect 
of comatic aberration to the space image of the pattern at the time of putting a line and the whole tooth- 
space pattern at one pattern are different. Therefore, the phase contrast of the 1 st fundamental-frequency 
component corresponding to the pitch of each line pattern of a photo-electric-translation signal and the 2nd 
frequency component corresponding to the width of face of a line and the whole tooth-space pattern is 
computed, and according to this invention which searches for the comatic aberration of a projection optical 
system based on this calculation result, the comatic aberration of a projection optical system can be searched 
for with a sufficient precision by the technique of phase detection. 

[0042] In the image formation property measurement approach concerning invention given in above- 
mentioned claim 8 like invention according to claim 1 8 said pattern When it is the symmetry mark pattern 
which has at least two kinds of line patterns with which the line breadth arranged at intervals of 
predetermined in the direction corresponding to said 2nd direction differs, as said predetermined processing 
Based on the intersection of said photo-electric-translation signal and predetermined slice level, a gap of the 
symmetric property of the space image of said pattern can be computed, and suppose that the comatic 
aberration of said projection optical system is searched for based on this calculation result. As a result of 
carrying out the location gap of the space image of a line pattern with the thin width of face of a scanning 
direction greatly under the effect of comatic aberration, as for the space image of the symmetry mark pattern 
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which has two or more kinds of line patterns with which the line breadth arranged at intervals of 
predetermined in the direction corresponding to a scanning direction differs, the symmetric property shifts 
greatly, so that comatic aberration is large. Therefore, by the technique of edge detection using a slice 
method, a gap of the symmetric property of the space image of said symmetric-property mark pattern is 
computed, and according to this invention which searches for the comatic aberration of a projection optical 
system based on the calculation result, the comatic aberration of a projection optical system can be searched 
for with a sufficient precision. 

[0043] In order for invention according to claim 19 to be a space image metering device which measures the 
space image of the predetermined pattern formed of a projection optical system and to form the space image 
of said pattern on the image surface through said projection optical system, The lighting system which 
illuminates said pattern (10); while extending in the 1st direction in a two-dimensional flat surface vertical 
to the optical axis of said projection optical system It is the following (lambda/N.A.) to which the width of 
face of the 2nd direction vertical to this **(ed) wavelength lambda of said illumination light by numerical- 
aperture N.A. of said projection optical system more greatly than zero. The slit plate which has at least one 
slit (90); Photo electric translation of said illumination light which penetrated said slit plate is carried out. 
The optoelectric transducer which outputs the photo-electric-translation signal according to the 
reinforcement of said illumination light which penetrated said slit (24); where said pattern was illuminated 
by said lighting system and said space image is formed on said image surface While scanning said slit plate 
in said 2nd direction in said two-dimensional flat surface near [ said ] the image surface, it has the processor 
(20) and; which measure the optical intensity distribution corresponding to said space image based on the 
photo-electric-translation signal from said optoelectric transducer. 

[0044] According to this, by the lighting system, a predetermined pattern is illuminated and the space image 
of this pattern is formed on the image surface through a projection optical system. And while the slit plate 
which has at least one slit prolonged in the 1 st direction to the formed space image with a processor in a 
two-dimensional flat surface vertical to the optical axis of a projection optical system is scanned in the 2nd 
direction in said two-dimensional flat surface near the image surface Based on the photo-electric-translation 
signal (electrical signal which carried out photo electric translation of the illumination light which 
penetrated the slit during the scan) from an optoelectric transducer, the optical intensity distribution 
corresponding to a space image are measured. That is, it does in this way and the space image of a 
predetermined pattern is measured by the slit scan method. Moreover, since the width of face of the 
scanning direction of the slit formed in the slit plate in this case is the following (lambda/N.A.), it can 
measure a space image in practically sufficient high precision like above-mentioned claim 3. 
[0045] The substrate stage which invention according to claim 20 is an aligner which imprints the circuit 
pattern formed in the mask (R) to a substrate (W) through a projection optical system (PL), and holds said 
substrate (WST); said slit plate (90) is equipped with the space image metering device according to claim 19 
which consisted of said substrate stages and one movable. 

[0046] A space image metering device enables it to measure the space image of the various patterns for 
measurement to high degree of accuracy, forming the various patterns for measurement in a mask, and 
moving a slit plate to it by the substrate stage and one, for example according to this, since a slit plate is 
equipped with the space image metering device according to claim 18 which consisted of a substrate stage 
and one movable. Therefore, improvement in exposure precision is attained as a result by performing initial 
adjustment of the image formation property of a projection optical system etc., using this measurement 
result. 

[0047] In this case, like invention according to claim 21, using said space image metering device, the optical 
intensity distribution corresponding to the space image of various mark patterns can be measured, and 
suppose that it has further the control unit (20) which searches for the image formation property of said 
projection optical system based on the data of said those measured optical intensity distribution. By the 
control unit, in this case, the optical intensity distribution corresponding to the space image of various mark 
patterns are measured, and it is asked for the image formation property of a projection optical system based 
on the data of the measured optical intensity distribution. Therefore, the thing which is die need and for 
which the image formation property of a projection optical system is searched for by the way becomes 
possible, and it becomes possible to adjust the image formation property of a projection optical system in 
advance of exposure initiation according to this image formation property searched for. Therefore, 
improvement in exposure precision is attained. 

[0048] The mark detection system which detects the location of the mark on said substrate stage like 
invention according to claim 22 in the aligner concerning invention of a publication to above-mentioned 
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claim 20 (ALG1 or ALG2); suppose that it has further the control unit which detects the relative-position 
relation between the projection location of the pattern of said mask by said projection optical system, and 
said mark detection system using said space image metering device. In this case, the relative-position 
relation (namely, the so-called amount of base lines of a mark detection system) between the projection 
location of the pattern of said mask by said projection optical system, i.e., the image formation location of 
the space image of said pattern, and a mark detection system is detected by the control unit using a space 
image metering device. In this case, since the projection location of a mask pattern is directly measurable in 
measurement of the amount of base lines with a space image metering device, compared with the case where 
the projection location of a mask pattern is indirectly measured using a reference mark plate and a reticle 
microscope, measurement of the amount of base lines with a high precision is possible. Therefore, 
improvement in exposure precision is attained by improvement in the superposition precision of a mask and 
a substrate by controlling the location of a substrate at the time of exposure etc. using this amount of base 
lines. 
[0049] 

[Embodiment of the Invention] « — 1st operation gestalt» — the 1st operation gestalt of this invention is 
hereafter explained based on drawing 1 thru/or drawing 34 . 

[0050] The rough configuration of the aligner 100 concerning the 1st operation gestalt is shown in drawing 
1 . This aligner 100 is step - and the scanning projection aligner of - scanning method, i.e., the so-called 
scanning stepper. 

[0051] This aligner 100 is equipped with the control system which holds the illumination system 10 
containing the light source and an illumination-light study system, the reticle stage RST holding the reticle 
R as a mask, a projection optical system PL, and the wafer W as a substrate, and controls the wafer stage 
WST as a substrate stage movable free, and these for the inside of XY flat surface. 

[0052] Said illumination system 1 0 is constituted including a reticle blind, a condensing lens system, etc. as 
the light source, illuminance equalization optical system (it consists of a collimator lens, a fly eye lens, etc.), 
a relay lens system, and a lighting field diaphragm (all are graphic display abbreviations at drawing 1 ). 
[0053] As said light source, the excimer laser which outputs KrF excimer laser light (wavelength of 248nm) 
or ArF excimer laser light (wavelength of 193nm) shall be used as an example here. 
[0054] Said reticle blind consists of movable reticle blinds 12 (refer to a graphic display abbreviation and 
drawing 2 in drawing 1 ) adjustable in the fixed reticle blind and the opening configuration where it does not 
illustrate [ of immobilization of an opening configuration ]. A fixed reticle blind is arranged in the field 
slightly defocused from the conjugation side over the pattern side of Reticle R, and rectangle opening which 
specifies the lighting field IAR of the shape of a rectangle slit on Reticle R is formed. Moreover, the 
movable reticle blind 1 2 is arranged in the conjugation side over the pattern side of the reticle R near the 
fixed reticle blind, and the location and width of face of a direction corresponding to the scanning direction 
(here, it considers as Y shaft orientations which are the space rectangular cross directions in drawing 1 ) and 
the non-scanning direction (X shaft orientations which are space longitudinal directions in drawing 1 ) at the 
time of scan exposure have adjustable opening, respectively. 

[0055] According to the illumination system 10, after the illumination light (it is hereafter called "the 
illumination light IL") as an exposure light generated in the light source passes a non-illustrated shutter, it is 
changed into the flux of light with almost uniform illuminance distribution according to illuminance 
equalization optical system. The illumination light IL injected from illuminance equalization optical system 
reaches said reticle blind through a relay lens system. The flux of light which passed this reticle blind 
illuminates the lighting field (the width of face of elongation Y shaft orientations is the lighting field of the 
shape of a rectangle slit of predetermined width of face long and slender to X shaft orientations) IAR of 
Reticle R on which the relay lens system and the condensing lens system were passed, and the circuit pattern 
etc. was drawn with a uniform illuminance. 

[0056] In addition, the movable reticle blind 12 is controlled by the main control unit 20 at the time of 
initiation of scan exposure, and termination, and exposure of an unnecessary part is prevented by restricting 
the lighting field IAR further. Moreover, the movable reticle blind 12 is used also for setting out of the 
lighting field in the case of measurement of the space image by the space image measuring instrument 
mentioned later with this operation gestalt. 

[0057] Reticle R is being fixed by for example, vacuum adsorption (or electrostatic adsorption) on said 
reticle stage RST. A reticle stage RST is movable here at the scan speed specified as Y shaft orientations in 
the reticle non-illustrated base top while it can be driven very small two-dimensional in XY flat surface 
vertical to the optical axis AX of the projection optical system PL later mentioned by the reticle stage drive 

http ://www4. ipdl .ncipi .go.jp/cgi-bin/tran_web_cgi_ejj e 7/26/2006 



JP,2002-014005,A [DETAILED DESCRIPTION] 



Page 9 of 28 



system which is not illustrated containing a linear motor etc. (to hand of cut of the circumference of the Z- 
axis which intersects perpendicularly with Y shaft orientations and XY flat surface which intersect 
perpendicularly with X shaft orientations and this (the direction of thetaz)). This reticle stage RST has the 
migration stroke of Y shaft orientations to which the whole surface of Reticle R can cross the optical axis 
AX of a projection optical system PL at least. 

[0058] On the reticle stage RST, the migration mirror 15 which reflects the laser beam from the reticle laser 
interferometer (henceforth a "reticle interferometer") 13 is being fixed, and the location within XY side of a 
reticle stage RST is always detected by the reticle interferometer 13 with the resolution of about 0.5- lnm. 
here, on a reticle stage RST, the migration mirror which has the reflector which intersects perpendicularly 
with the migration mirror which has the reflector which intersects perpendicularly with the scanning 
direction at the time of scan exposure (Y shaft orientations), and a non-scanning direction (X shaft 
orientations) prepares actually — having — the reticle interferometer 1 3 — these are typically shown for 
biaxial ************** to y shaft orientations by drawing 1 as the migration mirror 15 and a reticle 
interferometer 13 at one shaft and X shaft orientations. 

[0059] The positional information of the reticle stage RST from the reticle interferometer 13 is sent to the 
main control unit 20 which consists of a workstation (or microcomputer), and carries out actuation control 
of the reticle stage RST through a reticle stage drive system based on the positional information of a reticle 
stage RST in a main control unit 20. 

[0060] said projection optical system PL can be set to drawing 1 of a reticle stage RST — it is arranged 
caudad and the direction of the optical axis AX considers as Z shaft orientations — having — here — a both- 
sides tele cent — it is a rucksack cutback system and the dioptric system which consists of two or more lens 
element arranged at intervals of predetermined along the optical-axis AX direction is used. The projection 
scale factor of this projection optical system PL is one fifth as an example here. For this reason, if the slit- 
like lighting field IAR on Reticle R is illuminated by the illumination light IL from an illumination system 
10, it will be formed in the exposure field [****/ the cutback image (partial inverted image) of the circuit 
pattern of the reticle R in that slit-like lighting field IAR / said lighting field IAR on the wafer W with which 
the photoresist was applied to the front face ] I A through a projection optical system PL of the illumination 
light IL which passed this reticle R. 

[0061] Said wafer stage WST is driven free in XY two-dimensional side (thetaz revolution is included) by 
the wafer stage drive system which is not illustrated [ which consists of a magnetic levitation mold two- 
dimensional linear actuator along stage base 16 top face ]. Here, since the two-dimensional linear actuator 
also has Z drive coil besides X drive coil and Y drive coil, the wafer stage WST has composition which can 
be driven very small also in the 3 degree-of-freedom directions of Z, theta x, and thetay. 
[0062] The wafer holder 25 is laid on the wafer stage WST, and Wafer W is held by vacuum adsorption (or 
electrostatic adsorption) with this wafer holder 25. 

[0063] In addition, what is necessary is to replace with the wafer stage WST, and just to carry the wafer 
holder 25 in the 3 degree-of-freedom directions of Z, theta x, and thetay on the two-dimensional migration 
stage through Z and the leveling table by which very small actuation is carried out with a voice coil motor 
etc., in using the two-dimensional migration stage driven only in XY two-dimensional side by drive 
systems, such as a linear motor or a flat-surface motor. 

[0064] On said wafer stage WST, the migration mirror 27 which reflects the laser beam from the wafer laser 
interferometer (henceforth a "wafer interferometer") 3 1 is fixed, and the location within XY side of the 
wafer stage WST is always detected with the resolution which is about 0.5- lnm by the wafer interferometer 
3 1 arranged outside. 

[0065] here, on the wafer stage WST, the migration mirror which has the reflector which intersects 
perpendicularly with X shaft orientations which are the migration mirror and the non-scanning direction 
which have the reflector which intersects perpendicularly with Y shaft orientations which are scanning 
directions at the time of scan exposure prepares actually ~ having — the wafer interferometer 3 1 — these are 
typically shown for biaxial ************** to Y shaft orientations by drawing 1 as the migration mirror 27 
and a wafer interferometer 31 at one shaft and X shaft orientations. The positional information (or rate 
information) of the wafer stage WST is sent to a main control unit 20, and controls the location within XY 
side of the wafer stage WST by the main control unit 20 through a non-illustrated wafer stage drive system 
based on said positional information (or rate information). 

[0066] Moreover, on the wafer stage WST, the space image measuring instrument 59 used for measurement 
of the image formation property of a projection optical system PL is formed. Here, the configuration of this 
space image measuring instrument 59 is explained in full detail. This space image instrumentation 59 is 
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formed in the protrusion section 58a part in which the upper part established in the end section top face of 
the wafer stage WST carried out opening, as shown in drawing 2 . This space image measuring instrument 
59 is formed in the light-receiving glass 82 of a plane view rectangle inserted in from the upper part in the 
condition of plugging up opening of protrusion section 58a, and the top face of this light-receiving glass 82. 
The relay optical system which consists of the reflective film 83 which serves as the light-shielding film by 
which the slit 22 was formed in the part, and the lenses 84 and 86 arranged inside slit 22 lower-part wafer 
stage WST, Bending Miller 88 (here) who bends the optical path of the illumination-light bundle (image 
flux of light) relayed by this relay optical system (84 86) by the predetermined optical path length And light- 
receiving optical system is constituted by lenses 84 and 86 and Miller 88, it is constituted including the 
photosensor 24 grade as an optoelectric transducer. 

[0067] As a raw material of said light-receiving glass 82, good synthetic quartz or a good fluorite of the 
permeability of KrF excimer laser light or ArF excimer laser light etc. is used here. Moreover, the 
optoelectric transducer which can detect a feeble light with a sufficient precision as a photosensor 24 (photo 
detector), for example, a photomultiplier etc., is used. In addition, with this operation gestalt, the slit plate is 
formed with light-receiving glass 82 and the reflective film 83. In the following explanation, the slit plate 
which consists of light-receiving glass 82 and the reflective film 83 shall be suitably called "the slit plate 
90." Moreover, although the slit 22 is formed in the reflective film 83 like the above-mentioned, it explains 
as that by which the slit 22 is formed below in the slit plate 90 for convenience. 

[0068] In the case of measurement of the projection image (space image) which minds the projection optical 
system PL of the pattern for measurement formed in Reticle R mentioned later with this operation gestalt If 
the slit plate 90 which constitutes the space image measuring instrument 59 by the illumination light IL 
which has penetrated the projection optical system PL is illuminated The illumination light IL which 
penetrated the slit 22 on the slit plate 90 is received with a photosensor 24 through the above-mentioned 
light-receiving optical system (84, 86, 88), and the photo-electric-translation signal (quantity of light signal) 
P according to the light income is outputted to a main control unit 20 from this photosensor 24. 
[0069] In addition, a photosensor 24 may arrange a photosensor 24 to the exterior of the wafer stage WST 
like space image instrumentation 59* which does not necessarily need to prepare in the interior of the wafer 
stage WST, for example, is shown in drawing 3 . In drawing 3 , two heights 58a and 58b by which the top 
face was mostly made the same side with the front face of Wafer W are formed in the wafer stage WST. The 
slit plate 90 constituted like the case of drawing 2 is formed in heights 58a, and lenses 84 and 86 and Miller 
88 are stationed by the same physical relationship as drawing 2 inside the wafer stage WST of this slit plate 
90 lower part. In this case, the light guide 85 is also contained inside the wafer stage WST. This light guide 
85 is arranged in the location [ **** / that incidence edge 85a / the light-receiving side in which the slit 22 
was formed ]. moreover, the light transmission lens 87 with which injection edge 85b of this light guide 85 
was fixed to the top face of heights 58b — it is arranged mostly just under. 

[0070] Above the light transmission lens 87, the light-receiving lens 89 of a major diameter is arranged 
compared with this light transmission lens 87. The photosensor 24 is arranged in upper injection edge 85b of 
this light-receiving lens 89, and a location [****]. These light-receiving lens 89 and a photosensor 24 
maintain the above-mentioned physical relationship, and are contained in a case 92, and this case 92 is being 
fixed to the non-illustrated holddown member. 

[0071] In the case of measurement of the projection image (space image) which minds the projection optical 
system PL of the pattern for measurement formed in Reticle R mentioned later in space image 
instrumentation 59' of this drawing 3 If the slit plate 90 which constitutes space image measuring instrument 
59' by the illumination light IL which has penetrated the projection optical system PL is illuminated The 
illumination light IL which penetrated the slit 22 on the slit plate 90 carries out incidence to incidence edge 
85a of a light guide 85 through a lens 84, Miller 88, and a lens 86. After the light drawn by the light guide 
85 is injected from the injection edge 85b, it is drawn by the exterior of the wafer stage WST through the 
light transmission lens 87. And the light drawn by the exterior of the wafer stage WST is received by the 
photosensor 24 through the light-receiving lens 89, and the photo-electric-translation signal (quantity of 
light signal) P according to the light income is outputted to a main control unit 20 from this photosensor 24. 
[0072] In this case, since measurement of the projection image of the pattern for measurement is performed 
by the slit scan method, in that case, the light-receiving lens 89 and a photosensor 24 will move to the light 
transmission lens 87. So, in this space image measuring instrument 59 1 , the magnitude of each lens is set up 
so that all the light through the light transmission lens 87 which moves within the limits of predetermined 
may carry out incidence to the light-receiving lens 89. 

[0073] Thus, the optical derivation section which derives the light through a slit 22 outside the wafer stage 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/26/2006 



r 



JP,2002-014005,A [DETAILED DESCRIPTION] 



Page 11 of 28 



WST with the slit plate 90, lenses 84 and 86, Miller 88, a light guide 85, and the light transmission lens 87 is 
constituted, and the light sensing portion which receives the light drawn out of the wafer stage WST by the 
light-receiving lens 89 and the photosensor 24 consists of space image measuring instrument 59\ In this 
case, these light derivation section and a light sensing portion are separated mechanically. And only by 
facing space image measurement, the optical derivation section and a light sensing portion are optically 
connected through the light transmission lens 87 and the light-receiving lens 89. 

[0074] That is, in space image instrumentation 59\ since the photosensor 24 is formed in the predetermined 
location of the exterior of the wafer stage WST, it originates in generation of heat of a photosensor 24, and 
does not have an adverse effect on the measurement precision of a laser interferometer 3 1 etc. Moreover, 
since the exterior and the interior of the wafer stage WST are not connected by a light guide etc., the 
actuation precision of the wafer stage WST does not receive an adverse effect like [ when the exterior and 
the interior of the wafer stage WST are connected by the light guide ]. 

[0075] In addition, the space image measurement approaches performed using the space image measuring 
instrument 59 (or 59'), such as a configuration of the slit 22 on the slit plate 90 which constitutes the space 
image measuring instrument 59 (or 59'), and a dimension, and the measurement approach of an image 
formation property are explained in full detail behind. 

[0076] The off-axis alignment microscope ALG 1 as a mark detection system which detects the alignment 
mark on Wafer W (alignment mark) is formed in the side face of return and a projection optical system PL 
at drawing 1 . With this operation gestalt, the alignment sensor of the FIA (Filed Image Alignment) system 
of an image-processing method is used as this alignment microscope ALG 1 . This alignment microscope 
ALG 1 is constituted including the light source 32 for alignment, a half mirror 34, the 1st objective lens 36, 
the 2nd objective lens 38, and image sensor (CCD) 40 grade, as shown in drawing 2 . Here, the halogen 
lamp which carries out outgoing radiation of the broadband illumination light as the light source 32 is used. 
Under this alignment microscope ALG 1 , as shown in drawing 4 , by the illumination light from the light 
source 32, the alignment mark Mw on Wafer W is illuminated through a half mirror 34 and the 1st objective 
lens 36, and the reflected light from that alignment mark part is received at an image sensor 40 through the 
1st objective lens 36, a half mirror 34, and the 2nd objective lens 38. Thereby, image formation of the light 
field image of the alignment mark Mw is carried out to the light-receiving side of an image sensor. And the 
photo-electric-translation signal corresponding to this light field image, i.e., the signal on the strength 
[ optical ] corresponding to the reflected image of the ally noodle ** mark Mw, is supplied to a main control 
unit 20 from an image sensor 40. In a main control unit 20, while computing the location of the alignment 
mark Mw on the basis of the detection core of the alignment microscope ALG based on this signal on the 
strength [ optical ], based on that calculation result and the positional information of the wafer stage WST 
which is the output of the wafer interferometer 3 1 at that time, the coordinate location of the ally noodle ** 
mark Mw in the stage system of coordinates specified with the optical axis of the wafer interferometer 3 1 is 
computed. 

[0077] Furthermore, it has the light source by which turning on and off is controlled by the aligner 100 of 
this operation gestalt with a main control unit 20 to be shown in drawing 1 . Exposure optical-system 60a 
which irradiates the image formation flux of light for forming many pinholes or the image of a slit towards 
the image formation side of a projection optical system PL from the direction of slant to an optical axis AX, 
The multipoint focal location detection system (focal sensor) of the oblique incidence light type which 
consists of light-receiving optical-system 60b which receives the reflected light bundle in the wafer W front 
face of those image formation flux of lights is prepared. In a main control unit 20, when focal fluctuation 
arises in a projection optical system PL, by controlling the inclination to the optical axis of the reflected 
light bundle of the parallel plate which is not illustrated in light-receiving optical-system 60b, offset is given 
to a focal location detection system (60a, 60b) according to focal fluctuation of a projection optical system 
PL, and the calibration is performed. In addition, the detailed configuration of the focal location detection 
system (60a, 60b) of this operation gestalt and the same multipoint focal location detection system (focal 
sensor) is indicated by JP,6-283403,A etc. 

[0078] Auto-focusing (automatic-focusing doubling) and auto leveling are performed by controlling Z 
location, the amount of pitching (thetax rotation), and the amount of rolling (thetay rotation) of the wafer 
stage WST by the main control unit 20 through a non-illustrated wafer stage drive system so that a focal gap 
serves as zero based on the focal gap signal (defocusing signal), for example, S curve signal, from light- 
receiving optical-system 60b at the time of the scan exposure mentioned later etc. 
[0079] Next, actuation of the exposure process in the aligner 100 of this operation gestalt is explained 
briefly. 
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[0080] First, Reticle R is conveyed by the non-illustrated reticle conveyance system, and adsorption 
maintenance is carried out in the reticle stage RST in a loading position. Subsequently, the location of the 
wafer stage WST and a reticle stage RST is controlled, by the main control unit 20, using the space image 
instrumentation 59, as the projection image (space image) of the reticle alignment mark which is not 
illustrated [ which was formed on Reticle R ] mentions later, it is measured (refer to drawing 2 ), and the 
projection location of a reticle pattern image is called for. That is, reticle alignment is performed. 
[0081] Next, the wafer stage WST is moved and the slit 22 which serves as a datum reference of the space 
image instrumentation 59 according to the alignment optical system ALG 1 is detected so that the space 
image instrumentation 59 may be located directly under the alignment microscope ALG 1 with a main 
control unit 20. Signs that the slit 22 is detected by this alignment optical system ALG 1 are shown in 
drawing 5 . In a main control unit 20, the measurement value of the detecting signal of this alignment 
microscope ALG 1 and the wafer interferometer 3 1 at that time and a list are asked for the projection 
location of the pattern image of Reticle R and the relative position of base lines with the alignment optical 
system ALG 1, i.e., the amount of the alignment microscope ALG 1, based on the projection location of the 
reticle pattern image for which it asked previously. 

[0082] After this base-line measurement is completed, by the main control unit 20, wafer alignment, such as 
EGA (en hunger strike global alignment) indicated by the detail, is performed to JP,6 1-44429, A etc., and the 
location of all the shot fields on Wafer W is called for. In addition, as the wafer alignment mark Mw of the 
predetermined sample shot as which it was beforehand determined of two or more shot fields on Wafer W 
mentioned above on the occasion of this wafer alignment using the alignment microscope ALG 1 , it is 
measured by carrying out (refer to drawing 2 ). 

[0083] Subsequently, in a main control unit 20, while positioning the wafer stage WST to the scan starting 
position of the 1st shot field, carrying out the monitor of the positional information from interferometers 31 
and 13 based on the positional information and the amount of base lines of each shot field on the wafer W 
for which it asked in the top, a reticle stage RST is positioned to a scan starting position, and scan exposure 
of the 1st shot field is performed. 

[0084] That is, in a main control unit 20, if the relative scan of Y shaft-orientations reverse sense of a reticle 
stage RST and the wafer stage WST is started and both the stages RST and WST reach each target scan 
speed, the pattern space of Reticle R will begin to be illuminated by the exposure light EL, and scan 
exposure will be started. Although luminescence of the light source is started in advance of initiation of this 
scan exposure, since the synchronousr control of the migration of each blade of the movable blind which 
constitutes a reticle blind with a main control unit 20 is carried out to migration of a reticle stage RST, it is 
the same as that of the usual scanning stepper that the exposure of the exposure light EL to the outside of the 
pattern space on Reticle R is shaded. 

[0085] In a main control unit 20, the synchronousr control of a reticle stage RST and the wafer stage WST is 
carried out so that the passing speed Vr of Y shaft orientations of a reticle stage RST and the passing speed 
Vw of X shaft orientations of the wafer stage WST may be especially maintained by the velocity ratio 
according to the projection scale factor of a projection optical system PL at the time of the above-mentioned 
scan exposure. 

[0086] And the field where the pattern spaces of Reticle R differ is serially illuminated by ultraviolet pulsed 
light, and when the lighting to the whole pattern space surface is completed, scan exposure of the 1st shot 
field on Wafer W is completed. Thereby, the cutback imprint of the circuit pattern of Reticle R is carried out 
to the 1st shot field through a projection optical system PL. 

[0087] In this way, termination of scan exposure of the 1st shot field performs stepping actuation between 
the shots which move the wafer stage WST to the scan starting position of the 2nd shot field. And scan 
exposure of the 2nd shot field is performed like ****. Henceforth, actuation with the same 3rd shot field or 
subsequent ones is performed. 

[0088] Thus, the stepping actuation between shots and scan exposure actuation of a shot are repeated, and 
the pattern of Reticle R is imprinted by the step and the scanning method by all the shot fields on Wafer W. 
[0089] Here, during the above-mentioned scan exposure, the dip to a wafer W front face, and spacing with a 
projection optical system PL (the image surface) and XY flat surface (image surface) is measured by the 
projection optical system PL by the focal sensor (60a, 60b) attached in one, and the wafer stage WST is 
controlled so that spacing of a wafer W front face and a projection optical system PL and parallelism always 
become fixed with a main control unit 20. 

[0090] By the way, during the above-mentioned scan exposure, in order for the pattern of Reticle R and the 
pattern already formed in the shot field on Wafer W to lay on top of accuracy, it is important that the image 
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formation property and the amount of base lines of a projection optical system PL are measured by 
accuracy, that the image formation property of a projection optical system PL is adjusted to the desired 
condition, etc. 

[0091] With this operation gestalt, the space image measuring instrument 59 or 59* (hereafter, it represents 
and is described as "the space image measuring instrument 59") is used for measurement of the above- 
mentioned image formation, property. Hereafter, the space image measurement by this space image 
measuring instrument 59, measurement of the image formation property of a projection optical system PL, 
etc. are explained in full detail. 

[0092] The condition of the midst that the space image of the pattern for measurement formed in Reticle R 
is measured is shown in drawing 2 using the space image instrumentation 59. As reticle R, the thing only for 
space image measurement or the thing which formed the mark for measurement of dedication in the device 
reticle used for manufacture of a device is used. Instead of such reticles, the mark plate (called a reticle 
fiducial mark plate) of the immobilization which consists of the glass raw material of reticle and this 
construction material may be formed in a reticle stage RST, and what formed the mark for measurement 
(pattern for measurement) in this mark plate may be used. 

[0093] Here, as shown in drawing 2 , the pattern PM for measurement which changes from the line and 
space mark which have periodicity to X shaft orientations shall be formed in a predetermined part at Reticle 
R. Moreover, as shown in the slit plate 90 of the space image measuring instrument 59 at drawing 6 (A), the 
slit 22 of predetermined width-of-face 2D extended to Y shaft orientations shall be formed. In addition, 
below, a line and a tooth space are suitably sketched as "last shipment." 

[0094] In measurement of a space image, the movable reticle blind 12 is driven through a non-illustrated 
blind driving gear with a main control unit 20, and the lighting field of the illumination light IL of Reticle R 
is specified only into the pattern PM part for measurement (refer to drawing 2 ). In this condition, if the 
illumination light IL is irradiated by Reticle R, as shown in drawing 2 , the light (illumination light IL) 
which diffracted with the pattern PM for measurement and was scattered about will be refracted according 
to a projection optical system PL, and space image (projection image) PM' of the pattern PM for 
measurement will be formed in the image surface of this projection optical system PL. At this time, the 
wafer stage WST shall be set as the location where said space image PM' is formed in the +X side (or the -X 
side) of the slit 22 on the slit plate 90 of the space image measuring instrument 59. The top view of the 
space image measuring instrument 59 at this time is shown in drawing 6 (A). 

[0095] And with a main control unit 20, as the wafer stage WST is shown by the arrow head F in drawing 6 
(A) through a wafer stage drive system, when it drives in the direction of +X, a slit 22 is scanned by X shaft 
orientations to space image PM'. During this scan, the light (illumination light IL) which passes a slit 22 is 
received with a photosensor 24 through the light-receiving optical system in the wafer stage WST (the 
optical derivation section and a light-receiving lens when [ or ] it is drawin g 3 ), and that photo-electric- 
translation signal is supplied at a main control unit 20. In a main control unit 20, the optical intensity 
distribution corresponding to space image PM' are measured through a non-illustrated signal-processing 
system based on the photo-electric-translation signal. 

[0096] An example of the photo-electric-translation signal (signal on the strength [ optical ]) P acquired in 
the case of the above-mentioned space image measurement is shown in drawing 6 (B). 
[0097] In this case, an image equalizes space image PM' under the effect of the width of face (2D) of the 
scanning direction of a slit 22, not a scanning direction but the scanning direction to the above-mentioned 
space image, i.e., X shaft orientations, at the time of scan exposure. 

[0098] Therefore, the relation of on the strength signal m (x) which will be observed with intensity- 
distribution [ of a space image ] i (x) if m (x) can express [ the intensity distribution of p (x) and a space 
image ] a slit with the following (1) type for i (x) and the signal on the strength [ optical ] observed. Let the 
unit of intensity-distribution i (x) and on the strength signal m (x) be the reinforcement of the hit by unit 
length in this (1) type. 
[0099] 
[Equation 1] 

Jp(x-n) i(u)du . (1) 

[0100] 
[Equation 2] 
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[0101] That is, on the strength signal m (x) observed becomes the convolution of intensity-distribution [ of 
SURITSU**p (x) and a space image ] i (x). 

[0102] Therefore, from the field of measurement precision, width-of-face (it is only hereafter called "slit 
width") 2D of the scanning direction of a slit is so good that it is small. 

[0103] As a function f of the wavelength lambda of the illumination light IL, and numerical-aperture N.A. of 
a projection optical system PL (lambda/N.A.), the artificer repeated various simulation, an experiment, etc. 
and performed slit width 2D. Consequently, when it considered as slit width 2D=n- (lambda/N.A.) and 
considered as a multiplier n<=l, it was checked that it is fully practical, and it is more practical if it is 
especially n<=0.8. Here, it means that there is little degradation of an image profile in the case of the 
conversion of a space image -> space image signal on the strength by being practical, and it becomes 
unnecessary [ the big dynamic range ] at the signal-processing system after a photosensor 24 (optoelectric 
transducer) at it, and sufficient precision is acquired. 

[0104] If an example of a result with the good above is shown, it will become as it is shown in the following 
table 1, for example. 



[0105] 
A table 1] 








B=AX0. 8 


248 


0.68 


364 


291 


248 


0.75 


331 


264 


193 


0.65 


297 


238 


193 


0.75 


257 


206 


193 




2*7 


182 



[0106] Although sufficient slit width (opening size: B in a table 1) changes with numerical aperture and 
wavelength as shown also in the above-mentioned table 1, 300nm or less of outlines is a suitable value. A 
slit of this level can be manufactured using commercial chromium reticle (called mask BURANKUSU.). 
[0107] As for chromium reticle, the chromium film of about lOOnm thickness is usually vapor-deposited by 
the quartz substrate. A quartz substrate has the standard thing of 2.286mm, 3.048mm, 4.572mm, and 
6.35mm thickness. 

[0108] If a scan speed is made late and many hours are spent on measurement even if slit width 2D is so 
good that it is small like and slit width becomes very small, in using a photomultiplier as a 

photosensor 24 like this operation gestalt, detection of the quantity of light (optical reinforcement) is 
possible. However, since the scan speed at the time of space image measurement has fixed constraint from 
the field of a throughput actually, if slit width 2D is too small, the quantity of light which penetrates a slit 22 
will become small too much, and measurement will be difficult. 

[0109] According to the knowledge which the artificer acquired by simulation, experiment, etc., it was 
checked that the optimum value of slit width 2D serves as one half extent of the resolution limit pitch (pitch 
of a last shipment pattern) of an aligner. This is explained further in full detail later. 

[0110] The space image metering device is constituted from this operation gestalt by the illumination-light 
study system 10, the space image instrumentation 59 (the slit plate 90 and a photosensor 24 are included), 
the wafer stage WST, and the main control unit 20 so that clearly from old explanation. Moreover, the 
processor which accomplishes some space image metering devices is constituted by the main control unit 20 
among this. 

[0111] The space image metering device and the space image measurement approach which were mentioned 
above are used for detection of an a. best focus location, detection of the image formation location of b. 
pattern image, base-line measurement of c. alignment microscope ALG, etc. 

[0112] Since c. base-line measurement in the aligner 100 of this operation gestalt was already explained, 
detection of the above-mentioned a. best focus location and detection of the image formation location of b. 
pattern image are explained hereafter, mixing an example. 

<Detection of a best focus location> Detection of this best focus location is used for the objects, such as 
detection of the best focus location of for example, the A. projection optical system PL, detection of the best 
image formation side (image surface), and B. spherical-aberration measurement. 

[0113] When it measures by the space image measurement approach of having mentioned above the space 
image of the last shipment mark of line width of face of 0.2 micrometers, and 50% of duty ratios, the result 
of image formation simulation is shown in drawing 7 - drawing 12 . The conditions of this simulation are 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/26/2006 



JP,2002-014005,A [DETAILED DESCRIPTION] 



Page 15 of 28 



N.A.=0.68 of the wavelength of 248nm of the illumination light, and a projection optical system, and 
coherence factor sigma=0.85 of lighting, and are slit width 2D=0.3micrometer. This condition is close to the 
conditions of B of a table 1 . In addition, in drawing 7 - drawing 12 , an axis of abscissa shows X location 
(micrometer) of a slit, and an axis of ordinate shows optical reinforcement (energy value). 
[0114] Drawing 7 shows the simulation result in the Beth ** focus location. In this drawing 7 , wave P2 
shown as a continuous line are equivalent to i (x) of (1) type with the space image of 0.2micromL/S, and 
they equivalent to m (x) of (1) type with the signal on the strength [ optical ] from which wave P3 shown by 
the dotted line are obtained by the scan (space image measurement) of a slit. 

[0115] Drawing 8 shows the spatial-frequency component at the time of carrying out the Fourier transform 
of the signal P3 of drawing 7 on the strength, i.e., the m, (x) with the original signal P3 on the strength. In 
drawing 8 , wave P7 wave P6 wave P5 wave P4 shown with a broken line are indicated to be with an 
alternate long and short dash line in a zero-order frequency component are indicated to be with a two-dot 
chain line in a primary frequency component are indicated to be as a continuous line in a secondary 
frequency component show the 3rd frequency component, respectively. In addition, by drawing 8 , in order 
to make discernment easy, P4-P7 carry out piling only of 1 .0, and they are shown. 

[0116] Drawing 9 shows the simulation result at the time of defocusing 0.2 micrometers from a best focus 
location. In this drawing 9 , wave P2 shown as a continuous line are equivalent to i (x) of (1) type with the 
space image of 0.2micromL/S, and they equivalent to m (x) of (1) type with the signal on the strength 
[ optical ] from which wave P3 shown by the dotted line are obtained by the scan (space image 
measurement) of a slit. 

[01 17] Drawing 10 shows the spatial-frequency component at the time of carrying out the Fourier transform 
of the signal P3 of drawing 9 on the strength with the original signal P3 on the strength. In drawing 10 , 
wave P7 wave P6 wave P5 wave P4 shown with a broken line are indicated to be with an alternate long and 
short dash line in a zero-order frequency component are indicated to be with a two-dot chain line in a 
primary frequency component are indicated to be as a continuous line in a secondary frequency component 
show the 3rd frequency component, respectively. In addition, by drawing 10 , in order to make discernment 
easy, P4-P7 carry out piling only of 1 .0, and they are shown. 

[01 18] Drawing 11 shows the simulation result at the time of defocusing 0.3 micrometers from a best focus 
location. In this drawing 1 1 , wave P2 shown as a continuous line are equivalent to i (x) of (1) type with the 
space image of 0.2micromL/S, and they equivalent to m (x) of (1) type with the signal on the strength 
[ optical ] from which wave P3 shown by the dotted line are obtained by the scan (space image 
measurement) of a slit. 

[0119] Drawing 12 shows the spatial-frequency component at the time of carrying out the Fourier transform 
of the signal P3 of drawing 1 1 on the strength with the original signal P3 on the strength. In drawing 12 , 
wave P7 wave P6 wave P5 wave P4 shown with a broken line are indicated to be with an alternate long and 
short dash line in a zero-order frequency component are indicated to be with a two-dot chain line in a 
primary frequency component are indicated to be as a continuous line in a secondary frequency component 
show the 3rd frequency component, respectively. In addition, by drawing 12 , in order to make discernment 
easy, P4-P7 carry out piling only of 1 .0, and they are shown. 

[0120] The configuration of an image has collapsed clearly by 0.2-micrometer defocusing so that it may turn 
out that drawing 7 is compared with drawing 9 . Moreover, when drawing 9 is compared with drawing 1 1 , 
it turns out that the configuration of an image has collapsed further clearly with buildup of the amount of 
defocusing. 

[0121] Moreover, as mentioned above, if the signal P3 on the strength [ optical ] is divided into a frequency 
component, various signal processing can be performed easily, for example, the gain of the primary 
frequency component P5 and the zero-order frequency component P4 — that is, (primary/zero-order), when 
its attention is paid to the contrast which is a gain, the contrast in the case of the best focus location shown 
in drawing 8 is 0.43. Moreover, the contrast at the time of defocusing 0.2 micrometers from the best focus 
location shown in drawing 10 is 0.24. Moreover, the contrast at the time of defocusing 0.3 micrometers from 
the best focus location shown in drawing 12 is 0.047. 

[0122] Thus, since the contrast which is a (primary/zero-order) gain changes with focal locations sensitively, 
it is convenient to determine a best focus location from a signal on the strength. That is, a best focus location 
is detectable by asking for the focal location where the contrast which is a (primary/zero-order) gain serves 
as max. 

[0123] So, with this operation gestalt, the best focus location of a projection optical system PL is detected as 
follows. 
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[0124] The reticle for measurement (it considers as reticle R' for convenience) in which the last shipment 
mark of line width of face of 0.2 micrometers (it is 1 micrometer on reticle) and 50% of duty ratios was 
formed as a pattern PM for measurement is used for detection of this best focus location for example, on a 
wafer. Detection of this best focus location shall be performed under the completely same conditions as the 
simulation mentioned above. 

[0125] First, reticle R' is loaded on a reticle stage RST by the non-illustrated reticle loader. Next, in a main 
control unit 20, the pattern PM for measurement on reticle R 1 moves in a reticle stage RST so that it may be 
mostly in agreement on the optical axis of a projection optical system PL. 

[0126] Next, with a main control unit 20, actuation control of the movable reticle blind 12 is carried out, and 
a lighting field is specified so that the illumination light IL may be irradiated by only the pattern PM part for 
measurement. The illumination light IL is irradiated at reticle R\ and in this condition, a slit scan method 
performs space image measurement of the pattern PM for measurement like the above-mentioned like the 
above-mentioned in a main control unit 20 using the space image measuring instrument 59, scanning the 
wafer stage WST to X shaft orientations. Under the present circumstances, in a main control unit 20, a 
multiple-times repeat and the signal (photo-electric-translation signal) of each time on the strength [ optical ] 
are memorized to an internal memory, changing the location (namely, Z location of the wafer stage WST) of 
Z shaft orientations of the slit plate 90. 

[0127] And in a main control unit 20, the Fourier transform of two or more signals (photo-electric- 
translation signal) on the strength [ optical ] acquired by said repeat is carried out, respectively, and the 
contrast which is the gain of each primary frequency component and zero-order frequency component is 
searched for. And in a main control unit 20, Z location (namely, location of Z shaft orientations of the slit 
plate 90) of the wafer stage WST corresponding to the signal on the strength [ optical ] with which that 
contrast serves as max is detected, and this location is determined as a best focus location of a projection 
optical system PL. Since contrast changes sensitively like the above-mentioned according to a focal location 
(the amount of defocusing), the best focus location of a projection optical system PL is easily [ often / 
precision / and ] measurable (decision). 

[0128] In addition, although the amplitude of the frequency component of the secondary high order more 
than degree is generally small and the amplitude to an electric noise and an optical noise may fully be 
unable to be taken, in being satisfactory in respect of a S/N ratio (a signal/noise), even if it observes change 
of the gain of a high order frequency component, it can ask for a best focus location. Although it is desirable 
that it is the pattern line width of face and whose tooth-space width of face are 50% of equal duty ratios as 
for the last shipment mark which is a pattern for measurement, it is also possible to use the mark of the other 
duty ratio. According to the knowledge which the artificer acquired as a result of the experiment etc., when 
the array period PM of the line pattern of a last shipment mark, i.e., a mark pitch, was following (3) type 
extent, it became clear that a good result was obtained. 
[0129] 

PM=lambda/N.A.x (1-1.2) - (3) 

In addition, detection of a best focus location is possible not only by the approach using the contrast 
mentioned above but the technique of detecting Z location (focal location) where the differential value of the 
signal P on the strength [ optical ] (m of (1) type (x)) serves as max. 

[0130] Moreover, detection of the image surface configuration of a projection optical system PL can be 
performed as follows. 

[0131] That is, on the occasion of detection of this image surface configuration, as shown in drawing 13 as 
an example, the reticle Rl for measurement by which the patterns PMl-PMn for measurement of the same 
dimension [ as the pattern PM for measurement mentioned above ] same period were formed in pattern 
space PA is used. 

[0132] First, reticle Rl is loaded on a reticle stage RST by the non-illustrated reticle loader. Next, in a main 
control unit 20, the pattern PMk for measurement which exists in the center of reticle Rl moves in a reticle 
stage RST so that it may be mostly in agreement on the optical axis of a projection optical system PL. Next, 
with a main control unit 20, actuation control of the movable reticle blind 12 is carried out, and a lighting 
field is specified so that the illumination light IL may be irradiated by only pattern PM1 part for 
measurement. In this condition, in a main control unit 20, the illumination light IL is irradiated at reticle Rl, 
like the above-mentioned, a slit scan method detects space image measurement of the pattern PM 1 for 
measurement, and the best focus location of a projection optical system PL using the space image 
instrumentation 59, and that result is memorized to an internal memory. 

[0133] With a main control unit 20, after detection of the best focus location using the pattern PM 1 for 
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measurement is completed, actuation control of the movable reticle blind 12 is carried out, and a lighting 
field is specified so that the illumination light IL may be irradiated by only pattern PM2 part for 
measurement. In this condition, like the above, a slit scan method detects space image measurement of the 
pattern PM 2 for measurement, and the best focus location of a projection optical system PL, and that result 
is memorized to an internal memory. 

[0134] Henceforth, in a main control unit 20, changing a lighting field, like the above, detection of 
measurement of a space image and the best focus location of a projection optical system PL is repeated, and 
is performed about the patterns PM3-PMn for measurement. 

[0135] Based on each best focus locations Zl, Z2, Zn obtained by this, the image surface configuration 
of a projection optical system PL is computed by performing a predetermined statistical procedure. 
[0136] Since it is a field which consists of the set of the best focus point in the countless point (namely, 
countless point that the so-called height of an image differs) that the distance from an optical axis differs, 
the image surface, i.e., best image formation side, of a projection optical system PL, it can ask accuracy for 
an image surface configuration easily by such technique. 

[0137] The above can perform detection of the best focus location of the A. projection optical system PL 
mentioned above, and detection of the best image formation side (image surface). 

[0138] Moreover, detection of the spherical aberration of a projection optical system PL can be performed 
as follows. 

[0139] That is, on the occasion of detection of this spherical aberration, as shown in drawing 14 , the reticle 
R2 for measurement of X shaft orientations in pattern space PA by which the patterns PM1 and PM2 for 
measurement of two predetermined distance ****** were mostly formed in Y shaft orientations in the 
center is used, for example. The pattern PM 1 for measurement is a last shipment pattern of the same 
dimension [ as the pattern PM for measurement mentioned above ] same period. Moreover, the pattern PM 2 
for measurement is a last shipment pattern located in a line with X shaft orientations the period (for 
example, about 1 .5 to 2 times of the period (mark pitch) of the pattern PM 1 for measurement) from which 
the line pattern of the same dimension as the pattern for measurement differs. 

[0140] First, reticle R2 is loaded on a reticle stage RST by the non-illustrated reticle loader. Next, in a main 
control unit 20, the pattern PM 1 for measurement on reticle R2 moves in a reticle stage RST so that it may 
be mostly in agreement on the optical axis of a projection optical system PL. Next, with a main control unit 
20, actuation control of the movable reticle blind 12 is carried out, and a lighting field is specified so that the 
illumination light IL may be irradiated by only pattern PM1 part for measurement. In this condition, in a 
main control unit 20, the illumination light IL is irradiated at reticle R2, like the above-mentioned, a slit scan 
method detects space image measurement of the pattern PM 1 for measurement, and the best focus location 
of a projection optical system PL using the space image instrumentation 59, and that result is memorized to 
an internal memory. 

[0141] In a main control unit 20, termination of detection of the best focus location using the pattern PM 1 
for measurement carries out predetermined distance migration of the reticle stage RST in the direction of -Y 
so that the illumination light IL may be irradiated by pattern PM2 part for measurement. In this condition, 
like the above, a slit scan method detects space image measurement of the pattern PM 2 for measurement, 
and the best focus location of a projection optical system PL, and that result is memorized to an internal 
memory. 

[0142] Based on a difference with each best focus locations Zl and Z2 obtained by this, the spherical 
aberration of a projection optical system PL is computed by the operation. 

[0143] It is one of the aperture aberration of optical system, and when a bundle of rays with various 
openings from the object point on an optical axis carries out incidence of the spherical aberration to optical 
system, it is a phenomenon in which the corresponding image point does not carry out image formation to 
one point. Therefore, detection of the best focus location in the optical axis of a projection optical system 
can be repeatedly performed about two or more last shipment patterns of a different pitch, and spherical 
aberration can be easily searched for by the operation based on the difference of the best focus location 
corresponding to each pattern. In addition, the accuracy of measurement of the difference of the best focus 
location in this case needs to be about 3sigma<20nm practically. 

[0144] <Detection of the image formation location of a pattern image> Detection of the image formation 
location of a pattern image is performed for each object of the scale factor of C. projection optical system 
and distortion measurement, comatic-aberration measurement of D. projection optical system, and E. 
lighting TERESEN measurement. 

[0145] The pattern for measurement (mark used as the object for measurement) varies with the object. If it 
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classifies, it will become as it is shown in the following table 2. Here, since it is desirable for the 
measurement result of the image formation property of a projection optical system based on space image 
measurement to be in agreement with the measurement result of the image formation property can be burned 
and according to law mentioned above and a basic target, with a table 2, it can be burned and the mark for 
space image measurement (pattern for space image measurement) is shown with the mark for measurement. 



[0146] 
;A table 2] 


aft 








Box in Box Mark * 


Box in Box Mark , 




Line in Box Mark * 
L/S-7— <7 


Line in Box Mark % 
L/SV— **M_/S-7— *? 




Box in Box Mark » 


Box in Box Mark « 
*L/SV-? 



[0147] Next, the scale factor of a projection optical system PL and distortion measurement are explained. 
On the occasion of the scale factor of this projection optical system PL, and distortion measurement, as 
shown in drawing 15, the reticle R3 for measurement in which the patterns BM1-BM5 for measurement 
which change from the square mark of a total of five 1 50-micrometer angles (it is 30-micrometer angle on a 
wafer side at the projection scale factors 1/5) to the core of pattern space PA and the part of four angles were 
formed is used, for example, moreover, on the slit plate 90 which constitutes the space image measuring 
instrument 59 in this case While slit 22a of the predetermined width of face W extended to X shaft 
orientations as shown in drawing 16 , and die-length L, and slit 22b of the predetermined width of face W 
extended to Y shaft orientations and die-length L are formed Light-receiving shall be possible also about the 
light which penetrated any of Slits 22a and 22b with the internal light-receiving optical system and the 
internal photosensor 24 (or the optical derivation section and the light sensing portion of drawing 3 ) of the 
wafer stage WST. Here, W is 0.3 micrometers and L is 25 micrometers. 

[0148] First, reticle R3 is loaded on a reticle stage RST by the non-illustrated reticle loader. Next, in a main 
control unit 20, the core of the pattern BM 1 for measurement which exists in the center of reticle R3 moves 
in a reticle stage RST so that it may be mostly in agreement on the optical axis of a projection optical system 
PL. Next, with a main control unit 20, actuation control of the movable reticle blind 12 is carried out, and a 
lighting field is specified so that only a somewhat larger rectangle field part than the pattern BM 1 for 
measurement with which the illumination light IL contains the pattern BM 1 for measurement may irradiate. 
In this condition, the illumination light IL is irradiated with a main control unit 20 at reticle R3. Thereby, as 
shown in drawing 16 , the pattern image of the shape of a square of space image BMT of the pattern BM 1 
for measurement, i.e., about 30micro angle, is formed. 

[0149] Space image measurement of the pattern PM 1 for measurement is performed using the space image 
measuring instrument 59, scanning the wafer stage WST to X shaft orientations in a main control unit 20, in 
this condition, as shown to drawing 16 by the arrow head A, and on the strength [ optical ] signal m (x) 
obtained by that measurement is memorized in memory. Next, in a main control unit 20, it asks for the 
image formation location of the pattern PM 1 for measurement by the technique of well-known phase 
detection based on obtained on the strength [ optical ] signal m (x). Here, as the technique of this phase 
detection, while asking for the sum for a product, for example, one period, with the sine wave used as the 
criteria of the same frequency as the primary frequency component (it can be considered that this is a sine 
wave) and this which are obtained by carrying out the Fourier transform of the on the strength [ optical ] 
signal m (x), it asks for the sum for a product with the cosine wave used as the criteria of the same period as 
said primary frequency component and this, for example, one period, for example. And the general method 
of searching for the phase contrast over the reference signal of a primary frequency component, and asking 
for the X location xl of the pattern PM 1 for measurement based on this phase contrast can be used by 
asking for the arc tangent (arc tangent) of the quotient obtained by doing the division of the obtained sums. 
[0150] Next, in a main control unit 20, space image measurement of the pattern PM 1 for measurement is 
performed using the space image measuring instrument 59, scanning the wafer stage WST to Y shaft 
orientations, and on the strength [ optical ] signal m (y) obtained by the measurement is memorized in 
memory. And it asks for the Y location yl of the pattern PM 1 for measurement by the technique of the 
same phase detection as the above. And in a main control unit 20, the location gap to the optical-axis core of 
reticle R3 is amended based on the coordinate value (xl, yl) of the obtained pattern PM 1 for measurement. 
[0151] With a main control unit 20, after amendment of a location gap of the above-mentioned reticle R3 is 
completed, actuation control of the movable reticle blind 12 is carried out, and a lighting field is specified so 
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that only a somewhat larger rectangle field part than the pattern BM 2 for measurement with which the 
illumination light IL contains the pattern BM 2 for measurement may irradiate. In this condition, like the 
above, a slit scan method performs space image measurement of the pattern BM 2 for measurement, and 
measurement of that XY location, and that result is memorized to an internal memory. 
[0152] Henceforth, in a main control unit 20, changing a lighting field, like the above, measurement of a 
space image and measurement of XY location are repeated, and are performed about the patterns BM3-BM5 
for measurement. 

[0153] Based on the coordinate value (x2, y2) of the patterns BM2-BM5 for measurement obtained by this, 
(x3, y3), (x4, y4), and (x5, y5), at least the scale factor of a projection optical system PL and one side of 
distortion are computed by performing a predetermined operation. 

[0154] Distortion is the aberration of the projection optical system PL which becomes the image at which 
what should become a straight line essentially around in the image field turned, like the case where there is a 
scale-factor error by this distortion, a pattern image shifts from the position on the image surface, and image 
formation (carrying out a strike slip) is carried out. 

[0155] Therefore, since it can ask with a respectively sufficient precision, either [ at least ] distortion or a 
scale factor is measurable with a sufficient precision according to the measurement approach of of the scale 
factor and distortion which were mentioned above, as a result with the technique of phase detection of a 
location gap of the space image of each pattern for measurement projected on the location where it differs in 
the image field of a projection optical system PL. 

[0156] However, in pattern image BMn 1 (n= 1, 2, 5) of single 30-micrometer angle, even if it carries out 
a slit scan, the edge of the image has only two places and measurement precision may not be acquired 
enough. In such a case, what is necessary is just to use the reticle in which the pattern for measurement 
(referred to as "CM1-CM5" for convenience) which consists of the big last shipment pattern which is extent 
which does not almost have being influenced of comatic aberration, for example, a last shipment pattern 
with a line width of face of 5 micrometers or more, (this space image turns into a last shipment pattern 
image with a line width of face of 1 micrometer) replaced with the patterns BM1-BM5 for measurement, 
and was formed. In case space image measurement is performed using such reticle, the condition that space 
image CMn' (n= 1, 2, .... 5) of the patterns CM 1 -CMS for measurement was formed on the slit plate 90 is 
shown in drawing 1 7 . 

[0157] In addition, in a top, by the technique of phase detection, although a location gap of the space image 
of the pattern for measurement shall be measured Space image measurement of a slit scan method is 
repeatedly performed not only like this but like the above-mentioned about the space image (BMn' or CMn') 
of the pattern for measurement (BMn or CMn) projected on the location where it differs in the image field 
of a projection optical system PL. Based on an intersection with predetermined slice level, the location 
(location of an edge) of the space image (BMn 1 or CMn') corresponding to each photo-electric-translation 
signal is computed, respectively, two or more on the strength [ optical ] signals m (x) (photo-electric- 
translation signal) obtained by the repeat — respectively — ** — It is good also as asking for at least the 
distortion of a projection optical system PL, and one side of a scale factor based on this calculation result. 
By the technique of edge detection in which the slice method was used, in this case, it can ask for the 
location of the space image (BMn 1 or CMn 1 ) projected on the location where it differs in the image field of a 
projection optical system PL with a respectively sufficient precision, and either [ at least ] distortion or a 
scale factor can be measured with a sufficient precision as a result to it. In this case, each signal on the 
strength [ optical ] is made binary with the set-up slice level, and when setting out of that slice level is 
appropriate, it becomes measuring the edge location of the resist image actually acquired by baking, and 
equivalence so that it can imagine from the relation between wave P2 of drawing 7 , and P3. 
[01 58] By the way, in the present aligner, management of the distortion (a scale factor is included) of a 
projection optical system is performed as follows using the criteria wafer. With a criteria wafer, after 
imprinting the outer BOX mark of 30-micrometer angle in the exposure field by the projection optical 
system, it etches through a development process here, and the location of the edge of an outer BOX mark is 
beforehand measured with an interference-of-light-wave type coordinate measuring machine etc. after the 
etching. And the resist image of the inner BOX mark of 10-micrometer angle can be burned on the core of 
the outer BOX mark of 30-micrometer angle etched at the time of distortion measurement of an aligner, and 
a relative position is measured with a registration measuring instrument etc. 

[0159] Therefore, if distortion measurement is performed by detecting the space image of the BOX mark of 
10-micrometer angle by the technique of edge detection on a wafer (on the image surface), it will become 
the time of distortion measurement of the above [ the effect of comatic aberration ] using a criteria wafer, 
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and an EQC, and a relative difference will not occur. For this reason, distortion can be measured now from a 
space image in a precision (accuracy) equivalent to the distortion measurement using the above-mentioned 
criteria wafer. 

[0160] In order to realize this, it is possible to form the inner BOX mark of 50-micrometer angle (wafer top 
10-micrometer angle) in the device reticle mentioned above or a reticle fiducial mark plate. However, in the 
latest CMP process, since dishing arises, it is not put into the mark of a wafer top 10-micrometer angle. 
[0161] Then, the artificer reached the conclusion that what is necessary is just to perform space image 
measurement using the mark (it is hereafter called a "false BOX mark" suitably) which subdivided the non- 
measuring direction (it is not necessary to be 10 micrometers) of the BOX mark of a wafer top 10- 
micrometer angle in the shape of a stripe, as a result of inquiring wholeheartedly. The signal wave form 
where the reason will be acquired if a false BOX mark is so-called kind of a last shipment pattern, scans a 
space image measuring instrument in the direction vertical to the periodic direction and performs space 
image measurement with a slit scan method is because the signal wave form acquired from the space image 
of a BOX mark and the same signal wave form are acquired. 

[0162] An artificer replaces with the patterns BM1-BM5 for measurement of the reticle R3 for measurement 
shown in drawing 1 5 . Reticle R3 f for measurement in which the false box pattern which subdivided the 
pattern for measurement in the shape of a stripe about the direction of X was formed is used. As a result of 
the same procedure as the above-mentioned performing distortion measurement of the projection optical 
system PL by the technique of edge detection, becoming a value equivalent to Y location of the pattern BMn 
for measurement as a Y location of each pattern for measurement was checked. Distortion measurement can 
be performed by preparing the reticle for measurement in which the false box pattern subdivided about the 
direction of Y and the false box pattern subdivided about the direction of X were formed, and carrying out 
the relative scan of each pattern for measurement from this, to Slits 22a and 22b. 

[0163] An example of the mark block (300-micrometer angle) with which the pattern for measurement of 
the false box pattern subdivided about the direction of Y mentioned above, the false box pattern subdivided 
about the direction of X, and others was formed in drawing 1 8 is shown. In this drawing 18 , signs MM1 and 
MM2 are scale-factor measurement patterns which consist of 5micromL/S mark of five, signs MM3 and 
MM4 are focal measurement patterns which consist of ImicromL/S mark of 29, and signs MM5 and MM6 
are false box patterns which consist of 2.5micromL/S mark of 1 1 . The mark block of this drawing 1 8 is 
formed in for example, device reticle or a reticle fiducial mark plate. In addition, for example, below 
2.5micromL/S extent (wafer top 0.5micromL/S extent) of fragmentation of a false box pattern is desirable. 
[0164] Next, the measurement approach of the comatic aberration of a projection optical system is 
explained. The 1 st approach measurement of comatic aberration uses a last shipment mark as a pattern for 
measurement, and the 2nd approach using a Line in Box mark as a pattern for measurement are mentioned 
typically. 

[0165] (The 1st approach) When it can be burned and measures comatic aberration by law, the method of 
using the line breadth outlying observation of the small last shipment mark image near the resolution limit is 
learned. Here, line breadth outlying observation is a value used as the index showing the unsymmetrical 
degree of the resist image formed of baking. For example, if it explains taking the case of the resist image of 
0.2micromL/S mark (design value) shown in drawing 19 , the line breadth outlying observation A will be 
defined like the following (4) types using the line breadth LI and L5 of the line pattern of ends. 
[0166] 
[Equation 3] 

A -£zg ... (4) 

[0167] A is usually engine performance less than 3% is wished to a projection optical system (projection 
lens). 

[0168] Also in space image measurement, the line breadth outlying observation of such a last shipment 
pattern image is directly measurable. In this case, although what is necessary is just to use the technique of 
the edge detection by the slice method explained previously, it is desirable to determine that threshold as 
slice level by being in charge of the decision of slice level, making binary the signal on the strength 
[ optical ] corresponding to a space image with a suitable threshold (threshold level), and performing easy 
resist image simulation of bringing close to the line breadth of a resist image. 

[0169] Hereafter, the measurement approach of the comatic aberration by measurement of this line breadth 
outlying observation is explained. As shown in drawing 20 , the reticle R4 for measurement by which the 
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patterns DM1 -DM5 for measurement were formed in a total of five places of the core of pattern space PA 
and the part of four angles is used for measurement of this comatic aberration. As patterns DM1 -DM5 for 
measurement, the last shipment pattern which has periodicity is used for X shaft orientations of 50% of duty 
ratios by line width of face of 1 micrometer (it is 0.2 micrometers on a wafer side). Moreover, the 
configuration of the slit plate 90 which constitutes the space image measuring instrument 59 in this case, and 
the space image measuring instrument 59 etc. has the same composition as the time of the scale factor and 
distortion measurement mentioned above. 

[0170] In this case, in a main control unit 20, in the same procedure as the time of the scale factor and 
distortion measurement mentioned above, reticle alignment and space image measurement are performed, 
and on the strength [ optical ] signal m (x) corresponding to the space image (it considers as DM2 , -DM5 I ) of 
the patterns DM2-DM5 for measurement is obtained. 

[0171] And it asks for the intersection of this obtained each on the strength [ optical ] signal m (x) and 
predetermined slice level, respectively, and asks for the line width of face of each line about each of space 
image DM2' - DM5 f from the X coordinate of that called-for intersection, and based on this line width of 
face, each line breadth outlying observation is computed based on (4) types, and the comatic aberration of a 
projection optical system PL is searched for based on this calculation result. 

[0172] Comatic aberration is the aberration of the lens by scale factors differing by the various zona 
orbicularis' of a lens, and is produced into the part which is separated from the main shaft in the image field 
of a projection optical system PL. Therefore, in the location distant from the optical axis, the line breadth of 
each line pattern will differ among the space images of a last shipment pattern according to comatic 
aberration. Therefore, according to the above-mentioned method of detecting the line breadth outlying 
observation of each line pattern by the technique of edge detection using a slice method, it becomes possible 
to measure comatic aberration often [ precision ] and easily. 

[0173] In addition, since each patterns DM1 -DM5 for measurement are independent last shipment patterns 
containing five line patterns, when the measurement precision of line breadth outlying observation is 
inadequate, the compound mark pattern with which five last shipment patterns constructed more than one 
the predetermined period, and have been arranged as each pattern for measurement may be used as each 
pattern for measurement. When such a compound mark pattern is used as a pattern for measurement 
(referred to as EM), signs that space image EM' of the pattern EM for measurement was formed on the slit 
plate 90 are shown in drawing 21 . 

[0174] The frequency component fl of 0.4-micrometer pitch corresponding to [ as this space image EM' is 
shown in drawing 22 ] the pitch of each line pattern of two fundamental frequency components, i.e., a 
photo-electric-translation signal, (the 1st fundamental-frequency component), every — the 2nd fundamental- 
frequency component corresponding to the width of face of the whole L/S pattern, i.e., here, - every — it has 
the frequency component f2 corresponding to 3.6-micrometer pitch which is the repeat period (arrangement 
pitch of the mark group who consists of a mark of five) of a L/S pattern. 

[0175] Like the above-mentioned, therefore, in a main control unit 20 In the same procedure as the time of 
the scale factor and distortion measurement mentioned above, reticle alignment, When space image 
measurement is performed and on the strength [ optical ] signal m (x) corresponding to the space image (it 
considers as EM2'-EM5 ! ) of the patterns EM2-EM5 for measurement is obtained, and the 1st fundamental- 
frequency component of each signal on the strength [ optical ], It is good also as computing by the technique 
of phase detection in which phase contrast with the 2nd fundamental-frequency component was mentioned 
above, and searching for the comatic aberration of a projection optical system PL based on this calculation 
result. 

[0176] Since it is greatly influenced of comatic aberration so that the width of face of the scanning direction 
of the pattern set as the object of space image measurement is narrow, the effect of comatic aberration to the 
space image of each line pattern of a last shipment pattern and the effect of comatic aberration to the space 
image of the pattern at the time of putting the whole last shipment pattern at one pattern are different. 
Therefore, the phase contrast of the 1 st fundamental-frequency component corresponding to the pitch of 
each line pattern of a photo-electric-translation signal and the 2nd fundamental-frequency component 
corresponding to the width of face of the whole last shipment pattern is computed, and according to the 
above-mentioned method of searching for the comatic aberration of a projection optical system based on this 
calculation result, the comatic aberration of a projection optical system PL can be searched for with a 
sufficient precision by the technique of phase detection. In addition, as for the ratio of the arrangement pitch 
(the upper example 3.6 micrometers) of the mark group who consists of an arrangement pitch (the upper 
example 0.4 micrometers) of this field notch mark, and a mark of five, considering as an integral multiple is 
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desirable from signal processing. 

[0177] (The 2nd approach) Next, the 2nd measuring method of comatic aberration is explained. By this 
approach, as shown in drawing 23 (A), the reticle R5 for measurement by which the patterns FM1-FM5 for 
measurement were formed in a total of five places of the core in pattern space PA and the part of four angles 
is used. The mark pattern called Line in Box Mark as shown by expanding to drawing 23 (B) as a pattern 
FMn (n= 1, 2, 5) for measurement is used. As this mark pattern is shown in drawing 23 (B), one side is 
this alignment inside the square pattern of Dl (1= 150 micrometers of for example, D), and one side is the 
mark pattern with which the tooth-space pattern (width of face D3) of the square of D2 (2= 100 micrometers 
of for example, D) was formed. If it can be burned on a wafer and this pattern FMn for measurement is 
developed, the striation of 20-micrometer angle will be simultaneously formed in the core of the resist 
remnants mark of 30-micrometer angle. As for a striation, it is desirable to consider as the size of 
(wavelength / N.A.) / or less 2 extent, therefore, as for D3, it is desirable that it takes the 5 or less times for 
extent. For example, D3 is set to 0.5 micrometers. 

[0178] Since a strike slip will be larger than a thick wire and the direction of a thin line will occur if image 
formation of this pattern FMn for mark measurement is carried out by the projection optical system with 
comatic aberration, a striation carries out eccentricity and symmetric property collapses. Therefore, the 
effect of comatic aberration can be known by measuring the eccentricity of the striation, i.e., extent of how 
depending on which symmetric property collapses. 

[0179] Moreover, the configuration of the slit plate 90 which constitutes the space image measuring 
instrument 59 in this case, and the space image measuring instrument 59 etc. has the same composition as 
the time of the scale factor and distortion measurement mentioned above. 

[0180] So, in a main control unit 20, in the same procedure as the time of the scale factor and distortion 
measurement mentioned above, reticle alignment and space image measurement are performed, and on the 
strength [ optical ] signal m (x) corresponding to the space image (it considers as FM2 ? -FM5 ! ) of the patterns 
FM2-FM5 for measurement is obtained. 

[0181] And based on the intersection of each signal on the strength [ optical ] and predetermined slice level, 
a gap of the symmetric property of space image FM2' of the pattern for measurement - FM5 f is computed, 
and the comatic aberration of a projection optical system PL is searched for based on this calculation result. 
[01 82] Thus, by the technique of edge detection using a slice method, a gap of the symmetric property of the 
space image of the patterns FM2-FM5 for measurement is computed, and according to the above-mentioned 
method of searching for the comatic aberration of a projection optical system PL based on the calculation 
result, the comatic aberration of a projection optical system PL can be searched for with a sufficient 
precision. 

[0183] It thinks, also when SURITSU ** of the non-measuring direction interferes with a space image on 
arrangement of the slits 22a and 22b on the slit plate 90 in the above-mentioned case. In such a case, the 1- 
dimensional mark of the bilateral symmetry to which it replaced with the above-mentioned mark FMn for 
measurement, for example, the thick line pattern with a line breadth of about 50 micrometers and the thin 
line pattern with a line breadth of about 0.5-0.75 micrometers were located in a line in the measurement 
direction at intervals of predetermined (for example, about 50 micrometers) may be used as a pattern for 
measurement. 

[0184] The condition that space image GMn f of such a pattern for measurement (referred to as GMn) was 
formed on the slit plate 90 is shown in drawing 24 . In this drawing 24 , D4 is 1 0 micrometers and D5 is 0. 1 - 
0.15 micrometers. The comatic aberration of a projection optical system PL may be detected by detecting by 
the approach of the edge detection by the slice method which mentioned above the signal on the strength 
[ optical ] corresponding to such space image GMn*. 

[01 85] As a result of carrying out the location gap of the space image of a line pattern with the thin width of 
face of a scanning direction (the measurement direction) greatly under the effect of comatic aberration, as 
for the space image of the symmetry mark pattern which has two or more kinds of line patterns with which 
the line breadth arranged at intervals of predetermined in the direction corresponding to a scanning direction 
differs like the pattern (GMn) for measurement, the symmetric property shifts greatly, so that comatic 
aberration is large. 

[0186] Therefore, according to the approach of detecting a gap of the symmetric property of above- 
mentioned space image GMn', the comatic aberration of a projection optical system PL is detectable with a 
sufficient precision. 

[0187] Of course, in order to improve measurement repeatability also in this case, it is good also as detecting 
space image HM' of a pattern for measurement like drawing 25 by which repeat arrangement was carried 
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out. 

[0188] Next, the measuring method of lighting TERESEN is explained. 

[0189] Lighting TERESEN measures and determines the amount from which an image position changes 
with defocusing. As a pattern for measurement, a scale factor and the big mark pattern which is not 
influenced of comatic aberration like De Dis **-SHON measurement are used. When it bums and is based 
on the ** method, Boxin Box Mark or a large last shipment mark is used, it is three points, a best focus 
location, the defocusing location which is about +1 micrometer, and the defocusing location which is about - 
1 micrometer, and exposes, respectively, the relation between an image position and a focal location is 
measured, and calculating lighting TERESEN (= (the amount of strike slips / the amount of defocusing of an 
image)) is performed. 

[0190] Using the big mark which is not similarly influenced of comatic aberration with be burned, in space 
image measurement, the absolute location of a space image is measured in each focal location, and it 
calculates lighting TERESEN. 

[0191] As explained to the detail above, according to the aligner 100 of the operation gestalt of **** 1 From 
having the space image measuring instrument 59 which has slit width 2D=n- (lambda/N.A.) and the slit 
plate 90 which is n<=0.8 By performing space image measurement of the pattern for measurement on reticle 
or a reticle fiducial mark plate using this space image instrumentation, little highly precise space image 
measurement of degradation of an image profile is attained in the case of conversion of a space image -> 
space image signal on the strength. In this case, the big dynamic range becomes unnecessary at the signal- 
processing system after a photosensor 24 (optoelectric transducer). 

[0192] Moreover, in an aligner 100, a main control unit 20 can measure measurement of the space image by 
the above-mentioned slit scan method, and the various image formation properties of the projection optical 
system PL using this measurement result which was mentioned above to high degree of accuracy using the 
space image measuring instrument 59. Therefore, it can be based on the measurement result of this image 
formation property, for example, optical-character ability of a projection optical system PL can be adjusted 
to high degree of accuracy at the time of starting of the aligner in works etc. Especially or about distortion or 
a scale factor The above-mentioned measurement is performed periodically and it is based on this 
measurement result. The image formation property compensator which is not illustrated [ of a projection 
optical system PL ] (For example, equipment [ carry out Z and tilt actuation of the specific lens element 
which constitutes a projection optical system and ]) Or distortion, a scale factor (especially non-scanning 
direction at the time of scan exposure), etc. can be amended using the equipment which adjusts the internal 
pressure of the sealed cabin prepared between the specific lenses which constitute a projection optical 
system. In addition, amendment of the scale factor of the scanning direction at the time of scan exposure is 
performed by adjusting one [ the reticle for example, at the time of scan exposure, and / at least ] scan speed 
of a wafer. 

[0193] Thus, in an aligner 100, since exposure is performed by adjustment of the image formation property 
of a projection optical system using the projection optical system PL by which the image formation property 
was adjusted to high degree of accuracy, for example in advance of the initial adjustment of the image 
formation property of a projection optical system, or exposure initiation, improvement in exposure precision 
is attained as a result. 

[0194] Moreover, by controlling the location of Wafer W by the aligner 100 using that amount of base lines 
at the time of exposure etc., since detection of the amount of base lines of the alignment microscope ALG 1 
as a mark detection system is performed with a sufficient precision by the main control unit 20 using the 
space image instrumentation 59, improvement in the superposition precision of reticle and a wafer is 
possible, and improvement in exposure precision is possible also in this point. 

[0195] In addition, although slit width 2D explained the case where it was determined in consideration of 
both wavelength lambda of the illumination light, and numerical-aperture N.A. of a projection optical 
system PL, with the above-mentioned operation gestalt, this invention is not limited to this. 
[0196] That is, slit width 2D may be defined in consideration of wavelength lambda or numerical-aperture 
N.A. Even if it uses the space image measuring instrument equipped with the slit plate which has the slit of 
such slit width 2D, high measurement of the precision of the space image (distribution of image 
reinforcement) of a predetermined pattern is possible by the slit scan method like the above-mentioned 
operation gestalt. 

[0197] Next, the decision of slit width (2D) is explained further. Here, the case of focal measurement is 
taken up as an example and the decision approach of suitable slit width is explained. 

[0198] It asks by detecting Z location (Z coordinate of a contrast peak) of the slit plate 90 where the contrast 
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which is the (primary/zero-order) gain of a multiple-times repeat and the signal on the strength [ optical ] 
acquired by this serves as max with a slit scan method in space image measurement of the pattern for 
measurement, measurement of the best focus location of a projection optical system changing the location of 
Z shaft orientations (the direction of an optical axis) of the slit plate 90 like the above-mentioned. 
[0199] Usually, on the occasion of detection of a best focus, it is 0.15 micrometers in pitch spacing, and 15- 
step (step) extent change of the slit plate 90 is carried out. 

[0200] Here, an example of the above-mentioned best focus detection is explained using drawing 26 . This 
drawing 26 shows an axis of abscissa for the measurement value (x mark in drawing 26 ) of the contrast of 
13 points which the slit plate 90 was changed to Z shaft orientations in 13 steps (step), and was acquired on 
each point as the Z-axis. Based on the measurement value of the contrast of 13 points shown by x mark in 
drawing 26 , it asks for the 4th approximation about curve C with the least square method. It asks for the 
intersection of this approximation curve C and the suitable threshold (threshold level) SL, and let the middle 
point of distance =2B during an intersection be a Z coordinate value corresponding to ** SUTOFOKASU. 
[0201] The same diagram as drawing 26 is shown in drawing 27 . However, by this drawing 27 , an axis of 
ordinate shows the amplitude (or first order mentioned later) of a primary component. A focal detection 
precision when making immobilization the range of WZ (the number of = step pitch x data) in drawing 27 
here is considered. 

[0202] (1) If the amplitude of a primary component is set to S when a shot noise is dominant, a shot noise is 
proportional to S 1/2. the fluctuation which the noise of the amplitude of a each primary component does to 
the Z direction of data since the average inclination of the curve about Z of the amplitude of a primary 
frequency component (it is hereafter sketched as a "primary component" suitably) is in inverse proportion to 
the depth of focus (DOF) - Noise N then - N**Sl/2 and DOF**lambda-S l/2/(N.A.) 2 .... (5) 
There is ******. Here, N.A. is the numerical aperture of a projection optical system. 

[0203] However, it is since there is relation between P**lambda/N.A. when line breadth of an object pattern 
is set to P. S/N**(N.A.) 2 and Sl/2/l/2/[ of lambda* *lambda-S ] P .... (6) 

****** is realized. Here, S/N is a S/N ratio which is a ratio of the amplitude of a primary component, and 
the noise amplitude. 

[0204] (2) When a dark noise is dominant, a dark noise is not dependent on the amplitude S of a primary 
component. Since the average inclination of the curve about Z of the amplitude of a primary component is in 
inverse proportion to DOF, if the noise of the amplitude of a each primary component makes Noise N 
fluctuation done to the Z direction of data N**DOF**lambda/(N.A.) 2 .... (7) 
There is ******, 

[0205] Therefore, line breadth of an object pattern is set to P. S/N** (NA) 2.S/lambda**lambda, S/P .... (8) 
There is ******. 

[0206] If wavelength and an object-pattern pitch are determined in case slit width (2D) is made the more 
nearly optimal than (6) and (8) types, it turns out that a S/N ratio is proportional to the 0.5 - 1st power of the 
primary amplitude S with the property of a noise that what is necessary is just to pay its attention to the 
amplitude S of a primary component. 

[0207] An example of the simulation result for asking drawing 28 (A) - drawing 3 1 (B) for the range where 
slit width (2D) is desirable is shown. Among these, drawing 28 (A), drawing 29 (A), drawing 30 (A), and 
drawing 3 1 (A) show the case of the conditions of N.A.=0.68, lambda= 248nm, and sigma=0.85. Moreover, 
drawing 28 (B), drawing 29 (B), drawing 30 (B), and drawing 3 1 (B) show the case of the conditions of 
N.A.=0.85, lambda= 193nm, and sigma=0.85. 

[0208] Drawing 28 (A) and (B) show the S/N ratio about the focal detection at the time of applying (6) types 
supposing the example which used the photomultiplier. In drawing 28 (A), as a pattern for measurement, the 
line width of face L is 200nm, 220nm, and 250nm, respectively, and a continuous line (-), a broken line 
(**), and a dotted line (**) show the case where each duty ratio uses 50% of last shipment pattern, 
respectively. In drawing 28 (B), as a pattern for measurement, the line width of face L is 120nm, 130nm, 
and 140nm, respectively, and a continuous line (-), a broken line (**), and a dotted line (**) show the case 
where each duty ratio uses 50% of last shipment pattern, respectively. 

[0209] Drawing 29 (A) and (B) show the contrast corresponding to drawing 28 (A) and (B), respectively. 

Contrast becomes so large that slit width is small. Since the zero-order amplitude is proportional to slit 

width, it is the first order (1st Order) which multiplied contrast by the ratio of the slit width on the basis of 

0.3 micrometers. This is proportional to the amplitude of a primary component. 

[0210] The first order corresponding to drawing 28 (A) and (B) is shown in drawing 30 (A) and (B), 

respectively. 
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[021 1] Also in the case of line breadth [ which wavelength and ], it became clear from drawing 28 (A) and 
(B) that the same die length as the one half of a pattern pitch (=2L) of the optimal SURITSU **** (2D) for 
focal detection is the optimal as a result. Although it is so good that it is small about a pitch, it is 
indispensable that it is less than the resolution limit, of course. Therefore, the optimum value of slit width 
serves as one half extent of the resolution limit pitch of an aligner. 

[0212] Drawing 3 1 (A) and (B) are the same conditions as drawing 28 (A) and (B), and show the S/N ratio 
about the focal detection at the time of applying (8) types. 

[0213] Here, optimization of slit width 2D is explained from still more nearly another viewpoint. 
[0214] When width-of-face 2D of the slit of a space image measuring instrument and the intensity 
distribution of a space image are set to i (x), slit transparency on-the-strength m (x) is expressed with the 
following (9) types which generalized (1) type mentioned above. 
[0215] 
[Equation 4] 

m(x)- / l(f)dt -<9) 

x-D 

[0216] Focal detection is calculated from zero-order [ of the image of last shipment of the resolution limit on 
the strength ], and the primary ratio (contrast), b-sin (omega 1-x) then the slit transparency reinforcement 
mO (x) observed, and ml (x) become like the following (10) and (11) types about the reinforcement of a and 
a primary component in the reinforcement of the zero-order component contained in the image of a space 
image on the strength. However, omega 1 is the spatial frequency of the resolution limit. 
[0217] 
[Equation 5] 

m 0 (x)-<J*f dt-2aD -(10) 

[0218] 
[Equation 6] 

ro f _n(<y,f)<fc = — smiwrf smia^D) •••(11) 

[0219] (10) More simply [ a zero-order component / slit width ] than a formula, proportionally, a primary 
component becomes max from (11) types, when satisfying the conditions of the following (12) types. 
[0220] 

omegalD=pi/2- (2n-l) .... (12) 
(However, n= 1, 2 and 3, — ) 

[0221] (12) When slit width 2D will be odd times pi/omega 1, it is desirable that it is odd times the one half 
(it is hereafter called the "minimum half pitch" suitably) of the minimum mark pitch at that from which the 
gain of a primary component serves as max at the time of odd times of D=pi/(2 omega 1) when satisfying a 
formula (contrast serves as max). 

[0222] Moreover, since the dynamic range of an electric system becomes easy so that the gain of a primary 
component is high and the gain of a zero-order component is low, the case where it is in agreement with the 
minimum half pitch by (12) formulas after all in the case of n= 1 (i.e., when slit width 2D is pi/omega 1) if it 
puts in another way is best. 

[0223] When slit width 2D is 1 time the minimum half pitch, the simulation data at the time of being 3 times 
is shown in drawing 32 (A) and (B), respectively. In these drawings, the curve LL 1 of a continuous line 
shows the signal of the slit transmitted light on the strength, an alternate long and short dash line LL 2 
shows the differential signal, and a broken line LL 3 shows space image reinforcement. In these drawings, 
an axis of abscissa is a slit location and an axis of ordinate is signal strength. 

[0224] When slit width 2D is 5 times the minimum half pitch, the simulation data at the time of being 7 
times is shown in drawing 33 (A) and (B), respectively. In these drawings, the curve LL 1 of a continuous 
line shows the signal of the slit transmitted light on the strength, an alternate long and short dash line LL 2 
shows the differential signal, and a broken line LL 3 shows space image reinforcement. In these drawings, 
an axis of abscissa is a slit location and an axis of ordinate is signal strength. 

[0225] In drawing 32 (A), (B), and drawing 33 (A) and (B), it turns out that the amplitude of the differential 
signal LL 1 is the same amplitude. However, it turns out that a big dynamic range is needed with a signal- 
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processing system (processor after a photosensor) as n of slit width 2D= minimum half pitch xn becomes 
large with 1, 3, 5, and 7. This shows that the case where slit width 2D is in agreement with the minimum 
half pitch is best. 

[0226] Moreover, if the Fourier transform of (1) and (2) types which were mentioned above is carried out, 
the frequency characteristics of the equalization effectiveness by the slit will become clear. 
[0227] 
[Equation 7] 

pW^jpW^l^^D^^l -2D^1 -..(13) 

[0228] Frequency characteristics in case slit width 2D is 1 of the half pitch of the resolution limit and 3 or 5 
times are shown in drawing 34 , using spatial frequency of the resolution limit as omega 1 . In this drawing 
34 , signs GF5, GF3, and GF1 show the frequency-characteristics diagram in the case of being 5 times of the 
minimum half pitch, 3 times, and 1 time the slit width of this, respectively. It turns out that the case (GF1) 
where slit width is in agreement with the minimum half pitch is best also in respect of the stability of gain 
(gain) so that clearly from this drawing 34 . 

[0229] « — 2nd operation gestalt» — next, the 2nd operation gestalt of this invention is explained based 
on drawing 35 and drawing 36 . Here, about a component the same as that of the aligner 100 concerning the 
1st operation gestalt mentioned above, or equivalent, while using the same sign, the explanation shall be 
simplified or it shall omit. 

[0230] A part of configuration of the aligner concerning this 2nd operation gestalt is omitted and shown in 
drawing 35 . As for this aligner 110, only the configuration of the alignment optical system ALG 2 as a 
mark detection system is different from an aligner 100. Then, this point of difference is explained as a core 
below. 

[0231] This alignment optical system ALG 2 is the laser scanning type alignment sensor of the off-axis 
method formed in the side face of a projection optical system PL, as shown in drawing 35 . 
[0232] This alignment optical system ALG 2 is constituted including the light source 132 for alignment, a 
half mirror 134, the 1st objective lens 136, the 2nd objective lens 138, and silicon photodiode (SPD) 140 
grade, as shown in drawing 35 . Here, He Ne laser is used as the light source 132. Under this alignment 
microscope ALG 2, as shown in drawing 35 , a laser beam spot for a laser beam to illuminate the alignment 
mark Mw on Wafer W through a half mirror 134 and the 1st objective lens 136 from the light source 132 is 
formed. It is usually fixed and a laser beam carries out the relative scan of a laser beam and the alignment 
mark Mw by scanning the wafer stage WST (scan). 

[0233] The scattered light generated from the alignment mark Mw is condensed and received on the silicon 
photodiode SPD 140 through the 1st objective lens 136, a half mirror 134, and the 2nd objective lens 138. 
The zero-order optical filter is inserted in the microscope ALG 2, it has become dark field, and the scattered 
light is detected only in the location where the alignment mark Mw exists. And the photo-electric-translation 
signal of the light which SPD 140 received is supplied to a main control unit 20 from SPD 140. In a main 
control unit 20, the coordinate location of the ally noodle ** mark Mw in the stage system of coordinates 
specified with an interferometer optical axis is computed based on this photo-electric-translation signal and 
the positional information of the wafer stage WST which is the output of the wafer interferometer 3 1 at that 
time. 

[0234] The stability of the current beam position of laser, the stability of an interferometer, and the stability 
of the gain of an SPD - electrical-and-electric-equipment system determine the stability of such the base line 
of a stage scan type laser scanning type alignment sensor. 

[0235] Here, measurement of the base line of this alignment microscope ALG 2 is explained. As a premise, 
Reticle R shall be carried on a reticle stage RST. 

[0236] First, in a main control unit 20, the projection image of the reticle alignment mark PM formed on 
Reticle R is measured like the above-mentioned using the space image instrumentation 59, and it asks for 
the projection location of a reticle pattern image. That is, reticle alignment is performed. 
[0237] Next, in a main control unit 20, as it moves on the wafer stage WST and is shown in drawing 36 , the 
slit 22 of the space image measuring instrument 59 is scanned to a laser beam spot, the measurement value 
of the wafer interferometer 3 1 is incorporated to the signal on the strength and coincidence of the 
transmitted light of a laser beam, a laser beam profile is obtained, and it asks for the location of the beam 
spot based on it. This asks for the relative position of base lines of the projection location of the pattern 
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image of Reticle R, and the laser spot exposure location of the alignment optical system ALG 2, i.e., the 
amount of the alignment microscope ALG 2. 

[0238] According to the aligner 110 concerning the operation gestalt of **** 2 explained above, 
effectiveness equivalent to the aligner 100 of the 1st operation gestalt mentioned above can be acquired. 
Moreover, although the amount of base lines of the alignment microscope ALG 2 is detected by the main 
control unit 20 also in this case using the space image instrumentation 59, since the projection location of a 
reticle pattern image and the location of the alignment microscope ALG 2 are directly measurable in 
detection of this amount of base lines with the space image instrumentation 59, measurement of the amount 
of base lines with a high precision is possible. 

[0239] In addition, arrangement of the slit on the slit plate 90 of the space image measuring instrument 59 
may add what [ not only ] was mentioned above but slits [ which are extended, respectively in the direction 
of the slits 22a and 22b mentioned above which, in addition, accomplishes 45 degrees and 135 degrees to 
the X-axis to construct as shown in drawing 37 (A) / 22c and 22d ]****. Of course, slit width 2D of a 
direction vertical to a these slits [ 22c and 22d ] longitudinal direction is set to the same dimension by the 
same criteria as Slits 22a and 22b. 

[0240] In this case, space image PM f shown, for example in drawing 37 (A), scanning the space image 
instrumentation 59 (wafer stage WST) in the direction of arrow-head C as shown in drawing 37 (A) By 
receiving and scanning slit 22d, the signal on the strength [ optical ] corresponding to that space image is 
detectable with a sufficient precision. Moreover, space image PM f shown, for example in drawing 37 (B), 
scanning the space image instrumentation 59 (wafer stage WST) in the direction of arrow-head D as shown 
in drawing 37 (B) By receiving and scanning slit 22c, the signal on the strength [ optical ] corresponding to 
the space image is detectable with a sufficient precision. 

[0241] In addition, since the slit of these each class detaches to some extent and is arranged when preparing 
2 sets of above-mentioned slits (22a, 22b), and (22c, 22d) on the slit plate 90, the configuration which can 
choose the slit of each class according to an optical or electric optional feature may be adopted as the light- 
receiving optical system inside wafer stage WST, and a configuration of a photosensor. With a shutter, an 
optical path may combine switchable light-receiving optical system and a single optoelectric transducer, 
and, specifically, light-receiving optical system and an optoelectric transducer may be prepared to the slit of 
each class, respectively. 
[0242] Next, image recovery is explained. 

[0243] It becomes clear in [ the equalization by the slit scan ] spatial frequency what kind of spectrum it is 
with the Fourier transform of p (x) from (1) and (2) types which were mentioned above. Generally this is 
called instrumental function P (u). An instrumental function is shown by (13) types mentioned above. 
[0244] (13) Filter Pinv (u) of the reverse property of the frequency characteristics of a formula is shown by 
the following (14) types, and image recovery will be performed, if an inverse Fourier transform is performed 
after taking advantaging of the Fourier spectrum of on the strength signal [ of a space image ] m (x) which 
has this observed. 
P_inv(u)=l/P(u) -(14) 

Since the upper limits of the optial transfer function (OTF) of incoherent image formation are 
2N.A./lambda, it is necessary to fill the following (15) types for perfect image recovery. 
[0245] 
[Equation 8] 
D<— — .-(15) 



[0246] If the technique of the above image recovery is used, the image profile of a very thin isolated line is 
also recoverable. The isolated line containing various frequency components, measuring the space image of 
an isolated line in two or more focuses, and measuring the wave aberration of a lens using these is also 
considered. 

[0247] Moreover, measuring the wave aberration of the discrete frequency component of a lens is also 
considered by carrying out image recovery of the last shipment mark which is a repeat pattern. 
[0248] It is desirable to use for space image measurement for measurement of such wave aberration the 
space image measuring instrument 59 which can measure the space image about four directions shown in 
drawing 37 (A). 

[0249] In addition, although each above-mentioned operation gestalt explained the case where this invention 
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was applied to the projection aligner of step - and - scanning method, while imprinting the pattern of a mask 
to a substrate in the condition of having stood still not only this but the mask, and the substrate, this 
invention is applicable also to the aligner of the step-and-repeat mold which carries out step migration of the 
substrate one by one. 

[0250] Moreover, although each above-mentioned operation gestalt explained the case where this invention 

was applied to the aligner for semi-conductor manufacture, this invention is widely applicable to the aligner 

for the liquid crystal which imprints a liquid crystal display component pattern on the glass plate of not only 

this but a square shape, the aligner for manufacturing a thin film magnetic head, etc. 

[0251] Moreover, although each above-mentioned operation gestalt explained the case where KrF excimer 

laser light (248nm), ArF excimer laser light (193nm), etc. were used as illumination light for exposure, the 

higher harmonic of not only this but a g line (436nm), i line (365nm), F2 laser beam (157nm), copper 

steamy laser, and an YAG laser etc. can be used as illumination light for exposure. 

[0252] Moreover, although each above-mentioned operation gestalt explained the case where a cutback 

system was used as a projection optical system, actual size or an amplification system may be used not only 

as this but as a projection optical system. 

[0253] Moreover, when using a linear motor (refer to the official report of U.S. Pat. No. 5,623,853 or U.S. 
Pat. No. 5,528,1 18) for a wafer stage or a reticle stage, whichever of the magnetic levitation mold using the 
air floatation mold and the Lorentz force, or the reactance force which air ** ARINGU was used may be 
used. 

[0254] Moreover, TAIBU which moves along with a guide is sufficient as a stage, and the guide loess type 
which does not prepare a guide is sufficient as it. 

[0255] The reaction force generated by migration of a wafer stage may be mechanically missed to the floor 
(earth) using a frame member as indicated by JP,8-166475,A (United States patent 5th, 528, 118 No.). 
[0256] The reaction force generated by migration of a reticle stage may be mechanically missed to the floor 
(earth) using a frame member as indicated by JP,8-330224,A (United States patent application serial number 
No. 416558). 

[0257] While including the illumination-light study system and projection optical system which consist of 
two or more lenses in the body of an aligner and carrying out optical adjustment, the reticle stage and wafer 
stage which consist of many machine parts can be attach in the body of an aligner, wiring and piping can be 
connect, and the aligner of this operation gestalt can be manufacture by carrying out comprehensive 
adjustments ( electric adjustment, check of operation, etc.) further. In addition, as for manufacture of an 
aligner, it is desirable to carry out in the clean room where temperature, an air cleanliness class, etc. were 
managed. 

[0258] A semiconductor device is manufactured through the step which performs the function and engine- 
performance design of a device, the step which manufactures the reticle based on this design step, the step 
which manufactures a wafer from a silicon ingredient, the step which imprints the pattern of reticle to a 
wafer with the aligner of the operation gestalt mentioned above, a device assembly step (a dicing process, a 
bonding process, and a package process are included), an inspection step, etc. 
[0259] 

[Effect of the Invention] As explained above, according to the space image measurement approach and 
space image metering device concerning this invention, it is effective in a space image being measurable in 
sufficient precision. 

[0260] Moreover, according to the image formation property measurement approach concerning this 
invention, there is outstanding effectiveness which is not in the former that the image formation property of 
a projection optical system is measurable with a sufficient precision. 

[0261] Moreover, according to the aligner concerning this invention, it is effective in the ability to aim at 
improvement in exposure precision. 



[Translation done.] 
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* NOTICES * 
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5t^<D^fSlcSifi^:2^7£¥®«T^ 1 1jfa\cmXfZ 
££$>IC^ cntCMitt^MIB2^^¥®rtOg5 2 7b'fp]6D 

ooxu >y h^sn^y *y h«*«siafiSOH9E2^ 
&&m^u:mm<Dfiim*ffi*ii£tc£*). («» 20 

[0 0 1 5] "T^to^ XU *y hX4^>7?5£tc£ 

[0 0 16] »*«2^iE*<0«Ratt. 8»tt¥3Sfc<fc 
■=> T JBjSK £ ft £ 3f ^ - > cD^fg^Btffl £ ^Fffl 

&fufB 2 ^TC^Fffifi^S 2 ^[pJOjU^huISS^^^cO 
BSP&N. A. ***LTS»5njfc4>&< i: 1 00 
X'J <y H*«t5X'J *y hS*fiufe»ffiifi«OBul22^ 
7c¥BDrtT*Hus5S2 7?|plJc^aE'rSi:^t>^, fulBX'J 

>y h*aaurcm!ERaw**3t«a»br«»iBxy *y h 
[0017] cnic&nii. mwmc&^Tffim<D/^ 4 0 

7t^<D^c«S^Sig^: 2^7C 5 FSF*3T^ 1 ^iRltcffitf S 
££*>tC, cntC^iE^Ml2 2^7u¥®^CD^2^fRlcO 
«tfta»**3ROIHP»N. A. **«bTS*6nfc 
1 OOX'J *y h^Wt^XU *y hlfi«:«Efiifi 

^otute 2 ^Tc^ffirtr^ 2 ^fpjtc^fi-r & £ £ 
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[0018] -r&fr-B, xu 'y hx+-v>ssia^ 

X'J >y hOj^»rao«^*9»3t*3SOBBP«*%*L 

[0 0 19] ±IElS*3aifttf2K:IE«0««Wtt:«s 

<, MfBXU -y hOHulH^2^[Rj(DiH«. ^£ 
H91Bfi8Wil£OifiSA*BttiEa»)tt¥»OBflP»N. A. 
■PBftLft (A/N. A. ) WTr*6SCi:tfS$LK 

^TS^MAMlPSN. A. (OS^^iLTX 

2&tf 2k:IB«o#»WJcJl:^Tfe-«»«a<ffiM«* 

IrIO«*^ (A/N. A. ) tTFT&SfcbfcOli, ^ 
1 XU >y htD^S^rpJOiB (2D^t 

S) *\ 2D=f (A/N. A . ) = n • (A/N. 
A. ) £ LT, ^5aU- ->3 vatfH»«*«DiIL 

K<DffiJj(r>£&, XU *y h<D^^lpJ<Di|ig2 Dtt/Jvf^S 

[0 0 2 0] COif^tC^^T, WI««4k:iS«o^SW 
<DftK> HufexU h<DWfB^2^|RlC)i|itt. MSB (A 
/N. A. ) 00. 8 6KTT$5Ci:tf-lg$L 
t\, ±iE<DfcK. fttiJfSJgOEfr^ti, XU»yMIBtt/jN 

•fctlfcf. XD'yh$g2D#A/ (N. A. ) (D 8 0 %J£t 

[0021] Lfrbft^s. ?s)\s~--fv hmfrzcomm 

[0 0 2 2] ±E«*3S 1 &tf 2 fc:8E«8<D*«W»c«* 

< , tuiBx u v cosuib^ 2 ^fnjoin^. mimwyt& 

If SulB^^- ><DMm*^tsmW2kft iot£i^ 
Si^-OTyHx^-x/^-voe^^Tfcs 

[0 0 2 3] llT% 3>"OS/3t;WBWOT"^ ffi 

/jN^^y^fi. i5C£A/N. A. ^^0, ffifr>7h^? 

x^> (ttfi5/7hU^^;W ><oig^fc:y\ « 

/jN^^y^fi. (2N. A. ) fc45ct^ 5t 

iShT^So tiiffl^7h-7X^i:Lm /n— 



[oo24] ±mm&m 1 ms 2 \^m<D^m\c^ 
Qmim®wma$^T, $mm 6 tcie*©^©fci 

<, fufBxy -y h«DBufeSS2 73|pJ©i!I«s HufaFSflSft© 
j£6£A, Mfe^ft^©miSC*N. A. tLT, 
{A/ (2N. A. ) } <Dm$H{gtLTM7Z.2nZ£t 

[0025] ±mm&mi~6icmm.<D&¥zwic*s^ 

JB«aR»#*«MEXU y b©Stfn©Jl?£i&X-^ 
$J9MUT7t;<D£IW<iK9X^'J' h;l/#*&fc:^|&U f£x 

[0 0 2 6] «*^8JclB*0«Wt4, S»ft**©IS 

a^^O^ttfcSifi* 2^¥Birt-PS 1 Visits 
tf5ElT^i<DX U v Y- < k 1 o*tt 5 X V y h 20 
S^MBa«^^©Huf52^JF3jrt-c ; MB3^ 1 7?l«Hc 
SHSHul2^2*(6]tc^S-r^i:i:felc, SOffiXU-yh 

[0 0 2 7] Cfttifttf, apjlftfCioTfilT/g©^ 

^l£& 2 ^TC^ffirtT-^ 1 73 [R)lC^t>*5R)T^ltSCDX U -y 30 

h- £'>fc < t fe 1 05fifT 3 X y -y h- «*®Bnifi^Ofiuie 

k t>£, x y -y h*2aufc!!gwyfi*)fc*aESiUTx y 

[0 0 2 8] f X'J y h X^-v ^TjlfttcJ; 9 , 

3r5£^*->©£fI8®£?#Sc: c©f#5ftfc 

[0029] ccoil-g-fcfci^T, 5it3jtJS9£iefE©?gt3 

Hutaftft^&fntofctb*, saiexy-y hts^Mie 

m^m^zzti^eny- y x^l, ^ft^rti© 1 & 
ja«aa»i:*^aiKBta»oa«tfp** a > h ^x 
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sjgft^©^x h 7*-*xffi«*tfta-r* cttr 

SckA'TSS, ±te=i>h^X Mi, X*— AX^SI 

[0 0 3 0] COift^fcfc^T. w&g 1 0lCfB«©f§ 
BJ!©ftl<U MfB^X h7*-*X{4B<0^tt«r, huI2S 

SI L(5 5 c i: lc «fc D , S<ifi5«»ye^3RO«ffi*«*ttW 
TSXg^MK^trckk-rscktfT-itS,, -f 

*5&*£^X hX* — #Xj&©^fr5fig5ffiT*feS*r> 
[0 03 1] ±EW*S9 tga*BO«flB»c««tt#«Ftt 

ias»jt^©«wt4o^5Mfla^x h7t-*7fii 

©^m^r, S*Stf-y9 L ©*lS!(©Buia^'i'>7'>FX^ 

wjs-rssuia-^x h 7*-±>x&m<Dmcm-3^TMm 

^$ft±©^*^©a^©^P*«Pofc5^gm 

5^Xh7*-*XfuB©^W«r. S^:Sfcf-y^©?ia 
©^-< >T > FX^-X^^ — >oi/^T^ t) jg UtV\ 

^ ^ - > tc jsns-r 5 ^x h 7 * - * xfe b©m icso' 

[0032] ±mm?m8icmm<Dmmizmzi&m<&& 

15^^^— Mf2^ 2 73 [«i©*sA s Huiex y -y h©tuia 
^2?3iqi©<i«k»3^:tv^^^^->*'>*< ttio 
t5ia^r^ft©^i:SfIfa7 , 6S^ 
fl^©1^aii:^, nuiaS^^^©-r^-~>*7-r-^K 

©s^ -5 ffisc $ ft -5 aula; ^ - y<D&mmc~o 
Lt«tt)#6fttea»o*fi«a«<s^*ft^ f fto{SMa* 

Stca■^^/^THiJfe^Sm¥^©T :^ ^' x h-i/ 3 yMfi 
*©'>*< i: t-73^r^i6a c i: k -T-S c i: ^T-# So 
[0 0 3 3] CCT% -rVXI — -> 3 — v? 

X ^ K (^©jlfflT'^it *S t (Ohm o fc 
®lC^StaKJt^©lRST-fe'?, -x^-X h-> 3 >!c 
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[0034] fiiffl«imo#a^<fct). 
2*ia<o«*o*#t^)e«/^->**ft< kt> lot 

t?ckkL;fc<Di4, >o^2^fRiC)iti^xu ^ h 

[0 0 3 5] ±!Btt*«8JclE«80*WK:«Slgfl»«Ftt 
thjBij7jJi(c*5i>T, M&£] 3 tcfBfWfg^&P < > m 
tB^£— HUl2^2^fRlOifi^HiffBxy FOflufB 
^2 7i[qIOili<fcD^:^i/^fl : ^^->'^ / >^:< k£> lo 

»OigLfc:,fcD»& ft ft «K® 3fcft£»«^* ft ^ ft fc 
Pif^OX^YX k tc I-jf^T AufB^ttg 
ftfi^tWjSt-SSMfROffiBi^ft^ftirfflL. f£35 

[0 0 3 6] *fB9JK:J;ftM\ X7YxS^ffi^/cX7 

*ft* f w»ftA<*»scik««T*. esfiicf-fxb 30 

— is a >*«afi<W-jB!|-rsc:k*^#*o ££T% ^ 
^ 2 ^iRKQifEtfX U *y F <D^ 2 #|qJ<Dt|"a<fc 9 
*#^3£JB/^->^>5:< kfe io$*yckkLfc<D 
14, 2<D«^kra«oaitcJ;-5o 
[0 0 3 7] ±EI««3H8Jc8B*<oe««FttM-»J*ffite: 

14, £{*kLTJEJBttT?. WEiB 1 *fiHcJMHtt**-r 

*XU y FX*+>Lfck#k, B*OSH«Offlt* 
»5Ck*<T#So Cfttc^D, W*fcf, ^ifiOCMP 

•IkSftTWc 1 0 |imftOBOX7- ^ B 

*^«rflikftSo 

[0 0 3 8] CO«^C4ol>T. ISaRIHI StdlBKOfg so 
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Wto&K. ltt!S^™«o«j«k«(»5^««lftfi^otftm 
k*. idEtaBmof ^-^7^-;i/ Frtoaas 

Lfrv\ BufBmS<0«iSkLT. WIB!»DiSUfc:J:D» 
5fttea»0^«*»fl^*ft^ftkBf^OX9-YXU 
^;i/ko^fc»^^T«nE#««»»fll9fc»jS'r* 
?SH«Otfl[B**ft J Pft»mu. K»tB«*fc:*-3v^T 

c k k ITfe^o 
[0 0 3 9] ±IE»**8^iE«0«WK:«S|g««Ftt 
W-«*Sfc*v>T, tt&Kl 6 (cCttofBHQftK , flu 

S«7>f>7>KX^-X;^->tS«i$H:, flu 
iBfffi£<DjfifflkLT. HufBTM^MI^km^OX^ 
X L"*;l/ k tcS-^l ^ TfluIB^- 5 -Y V * £ — XDlSl 

^onviKM^r*^^ C k k"T£ c ktf T*#3 0 
[0 0 4 0] raviRMte. U>X©i^Oift^$^ 
g&3Cktc££b>X<DiRMTfc^ S»)fe*3S<D£ 
l*^6lBftteffi«oH«oa5^j:^i;So iot, fttt 
fr£{ffiftfc{£iffiT^4. 7-Y>7>FX^-X^->0 

^^fffiia»)§7^ >^^->o*s«s»ffl*«t 

ffif **^tc*fttf. 3viRM*»fifi<. *^8S 

tc fhsj-r £ c k ^ Riti k a * o 
[0041] ±i3»»H8 icmmvmmcmzmmvk 

EiffiSoittHkLT. ffilSJt«as«ie*oWiE*^>r> 
7f l flu 

IB^^>T> FX"*— X/*£ — >co^oi|gic^-r^ 

»2ja*»a»kofii[«ji*jRaL. K*ans*»ca-J 

i^TnufBjS&m^on viKM^ARi6^ c k k f S c k 
SBB»W-Wo»*kftS/^*— xd^WIrI 

7Y>7yFX^-X;^-y(D&7^>/^->^ 
HlfiRki^-rsaviRSgoiBSk. 7^>7>KX^-X 

->offiH«fc»-rs3-7iRi6o!B«kttffia-rso 

t«Sia*a»ft«»i:, 7^>7>FX^-X/^ 

- ><o±fc<nmcttifct zmzm k ofeffiM^r 

[0 0 4 2] ±IE»*«8fc:|E*OKWt«*tt«»tt 
ftfciJ;£i£K:4o^T. 8 tcfEKo56WOiO < . flu 

f B/ ^ - > (4 . HUHB35 2 ^ [p] tc J* JS^T S 7? r&l tc HIPB 
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©iH2fiffll/->7-"f' >cD^ft(S if ^Vlft^©!^ 

;£46;g>Ck#T'#3o 

[0043] ss*js i 9 csans©??^*, mzit^mc 

P^^^LT^S5±lcffMf Sfci6. huIB^*— > 20 
*SSWr«BHWSB (10) t : fitJfB^7 I e'#^cD^fft 
icgtt&2:&7W®rtTMi;frftKMtf5kkfctc, c 
ntcSit&fg 2 #i3l<D«Sjb<*«fc 9 < SfflBBSW3t€>« 
SA*Huf2i9K7t¥^<OB8PliN. A. T?BfcLfc (A/ 
N. A. ) «TTfe5, '>&< kfe 1 -3©X'J <y h£rlr 

muvhsoo) k ; tijfexo -y htE*s»Lfc 

Wmi- (2 4) k : Bu82M^SS»c«j;»3HufB/^->* < 

zmmrn 2 73 mc7&&-t & k k mwtwM&m? 
&&M5*m\-?z>mmmw (20) t ; 

[0 0 4 4] cnCitllt MgStioTMJO/^ 
^TC^FffirtT'^ 1 73[ol(i:iS0 : 5'>^:< kt> 1 o©XU y 

t- ^S-T 57.'j7h ffi*<<£Sififi$©HUfB 2 ^7C¥ffirt T? 40 

^2 73(pJ^^SSn^i:i:t>tc. TtWagyR^P.©^ 
ia^gSft^f CtSEtncX'J -y h^SjiL/i.H^Tt^ffl 

ft-5 0 coi^ X'J >y hffitcjgfigSttfcXU -y 

h<DSfilE73ln]©4I*\ (A/N. A. ) JXTT'i&S© 

[0 0 4 5] !g3SB2 OtEtgOSEWttx ^X^ (R) so 
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imi&-ztirc®t&/*f->*ts&yt¥& (pd 

T8K (W) CgftSlTtgiT'Sot. BuieSffi^r 
ffi»t5lfi7f->- (WS T) k ; HufBX'J y MS 
(9 0) ^BufB»«Xx-^*i:-^T*^ftRlt6ti:«i^$ 

[0 0 4 6] cntJ:M, XUyMfitfiiXf-y 
i:— #T»«iRr^K:««Stift»3itS l 8 tSSttO^HB 

W-SJfflX*— >*JBJ«U IiXf->'i:-ft;T*X'J <y 
h«*»«iS'«oo, £Ha»iHB!j«Bfc:<fc!K l«Ott 

fflffl-'^^-xD^fflfSt^iSwaicw-pj-rs c k# RjtiK 

[0 0 4 7] CWi^Cfc-^T. IiSt?^2 1 lCfB«c©$! 
^<^->©^W»t»«;-r *3tt5S(fi»*f*Stj»J U *© 

)tt¥*ote««ptt**«>*w»s« (20) *MKflia. 

[0048] ±mm^m.2 o\cmm.<D^m\z^wmm. 
x-r— s>±©t— ^©eB^m-rsT-^^m^ (a 

LG1X(±ALG2) k ; t5iB^H^SiJ^B«rfflV^ 
T , rml BS^Tt^ «t 5 h5I B v x ^ ©/ \* - > ©S^ 

feB t HijfBv- k ©ta«{aBK^^^m-r SSU 

^■Kti. MtWSBfcJ:'}, ^ra^H-M^B^ffli/^T. 
I BS»^^^ J: 5 Ml B v x ^ © / ^ - > <D&9ffiM* 

s^-x^-zyi) ^tB^n^o c©^, ^— x^ 
^HttM-ifflSBlc «k •! i£SWfc»HJ-r 5 c k #T * 5 © 

g©«v^-x^-rva©w-soAwsiT*fe5o fct. 
a?js?-r-5ckK«tt3, vx^katffik©a^4±fi5gE© 

iRLhK J: 0 g^»g[© [r1±* < pJh6 k * 5 o 
[0 0 4 9] 

[#§nn©ftss©jgfg] im i commmmy wt> *#sb^ 
©35 1 (oMifei&M*m i ai.^b@3 4 tcJit-^-crifeHji-r 
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[o o 5 o] m i m i (onMBmic&zmyt&m 
[0051] c©«tt»B ioob, ytMBtxmm9t& 

[0 0 5 3] WfEJttSi: LTtt. CCT'li. — fiflfcL 
T\ K r Fx+^TU-ffi 4 8 n m) X&A 

r FX+S/7l/-ffl (KSl 9 3 nm) *m*j-r5x 20 

[0 0 5 4] WIE^*;l/75^>Ktt, HPJgfttfH 

©Rratiu^^i/X^vF 1 2 (0 1 -e^^tf»s> b 

Ict*:7*— #XL/c:ffifc:KM2n. ls?-&jVR±(DmJ3 
Kntv^o RlBU^^yl/r^-r>F 1 2te. 

Rlf^ffi^ft (Binc*5ttSJKffi&^[Sit? 

fe^xffi^ft) tc^n^n«is*r s^iRjotesat/iti^ 
[005 5] mm% 1 otcj;^^. jearwi±ufc»te 

)t*jR^6»ja*nrcsaw}ti Lj*. yu— u>X3S* 40 
^LTHuteu^^^v^r^F^a-rso couf^ 

*;1/R©BWH®« (Xfft>3fpltCfflS<#a : Yffi^fR]CDilii 

# Bfi&fios^jgx y *v F«osawsg«) 1 a r ^^1— 

[0 0 5 6] &:fb\ pjgj U?- * ,1/7^ -<> K 1 2 t±. ^ 

&myt<Dffit&mj&zfmTmc±mw&m 2 0 tc «t o t»j 
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[0 0 5 7] Bufei^^X-r-^R S T±tC^ 

?nn^ 0 i/^*;i/Xf- ^R s *m. ccrni. y 

<fcO. ^iZE-r^SK^^PL^TtWAXtcSB^XY 

¥ffirtT2^7cWtc (xfft^fRjR^cntciis-r^Yfft 

^RtfXYTBaJcffi^SZffllHlOOIillE^fRl (0z 

i^^oTt^o HOl/f-^l/Xf-^RST^ 
ZjIsR <D£ffitf'J>%: <£$> tSBK^Zk P L O^lfl A X 

[0 0 5 8] l/f^;l/Xf^ >?R S T±m&, 

tfTWH- cut* n>mAsrmtj fc^a) 1 3 

*5tK U^Jl/X-r— i?R S TOX Yffirt<D{ugW:l^ 
*rt>T*tf-l 3lC<J;oT, #J;t(£ 0. 5-1 nmglO 

ft) ic»»^*s«ffi**-r*»iMifcW3e3i»iRi (x 

llteft) tal[^'rSE»BB*W-rs»!B(iai:A^»tt6 
ft, \s**7)\s^m\ \ 3*±Y«i^riRik: 1 x$S7arfRjfc 

1115, Is^ffr^mH 3 £LT7r;2ftT^£o 
[0 0 5 9] U*-4^l/=F#fH 3^^<DU^^;V^r-— 

7—VR s T£iEi&sj?Hi-rso 

[0 0 6 0] HufKS^T^mP Lt±, W;Wf-y 

r s T<Dm liasifzTjDic^mzrL, fo^iAxo 

75"ft^Z$a7ifti:^n. (ictiiBlf l/-t>hU7i7 
ajg/J^TfeO. Jtt«AX*iSlfc:»oTBfSMH'CE« 
^tifclMO U > Xai b ^ > F ^ s S»f ft&lktf 
ftffiStiTt^o c:coJSi$7 I c^PLoS^fS^ti, c 

CT*li, -MtLri/StSoTl^o £<Dfc^ M 
m^l 0A^6OBRW3ttI L££oTb7^;l/R±cDXy 
ARAWJtlS^ COUf*;l/R 

^OXy H*BgW®« 1 A RrtOU^^^RcOIel^^ 

*-><offi/Na (gP^PJiz:^) ^affi^y^-Fb^xF 
Bftssa 1 Atc^^n^o 

[0 0 6 1 ] ftuSd^^^X^-^WS T(i> Xf-^ 
-XI 6 ±_\fi ic i& otfe SSSu¥±§y 2 :^7t: 'Jx77 
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ix- XigKjrn^b, Yfgi&n-Oi/OMt^ zig®] 
Z, Ox, 8y^3giS^fpJtC^^>|ga^ar^1# 
[0 0 6 2] ^XAXr-^WSTltC^ 

[0 0 6 3] ->x/nXt-^WSTMUT, U 

2^ffirtT*O^Sggt&£n£ 2^^!iaX5 1 -> ? ^:ffll,^ 
£i§^tcte, -)xa^2 5^ Z, 0x, 0yCO3 

a E&jg^fn] \z aw x n Y £ m \z x o T^>|g®j 2 
[0 0 6 4] iufB^x>>\Xx— ^WS T±tc«, *>x/n 

u-ifT^m- (ut> r^ji/N^itj £v-5) 3 ia* 

^WST©XYfrtOfi»mif0. 5~lnmgg 
[0 0 6 5] CCX\ HBUCti:. ^XAXf-^WST 

t^«#* h i T*&cn$mxmmc&mm2 7, ^x 

>vFi$ff3 l i:LT/f^nn^o ^xaXt-^WS 
TOffiStfffl (X«^Sf?l^) tt±ffil«ittB2 0lc3f5 

^S^V^T^^O^x/NX^---> ? iES!i^^LT^x 

[0 0 6 6] Sefc. ^XAXf-^WS T±li:te, Si? 
ft¥3RP LOlS«WttO«-9Jfc:fflv>&ns^HI«W-ail» 

2tC^2tl3£'5^ ^x/nXt-^WS TO — iSoPJt 

StlT^So C^IS«ffiffl8g5 9«\ MISSUS 8 aO 

SM7X8 2, C^»7X8 2 <D±ffilCjgfi£2 

ZKSiM 8 3, XU7H22 TS^xaXt-^W S T 
ftmc«B2ftrcls>X8 4, 8 6*^SS»Jl/-)t^ 
^> KUU-**3R (8 4, 8 6) KJ:oTi?r5£ftBS 

IfS&TSffitf^— 8 8 (CCT\ U>X8 4, 8 6, 
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[0 0 6 7] MKS^;tf^X8 2cDf?t^LTte, Cl 
K r FX+i/Yb- if^ N fc£W±A r Fx4^> 

10 €>n^>o *HfifiJBffiT«. f^7X8 2MR 

Jt)gi8 3tc£oT, X'J7bW^nWo WT 
ottt^Jcfei/^Ttt. SM7X8 2 i:S*HW8 3 i:^e> 
rtsxy^ me*, as rxy * me 9 oj fc^-scto 

169 OtCXU 7h2 2#»J«SftT^Sfc©fcLTBM! 

[0 0 6 8] *^S6Jg<lT^i, f£*rr£, umfrRlz 

L T * fcHMBtt I L J; o TSnftttHffi 5 9 
£XU >y hfi9 O^PSB^^n^h, fOXU7hfi9 0 
±OX U y h 2 2 «S» LfcfiSWJt I L ±IE3*«fc3* 
^ (8 4, 8 6, 8 8) *ttLTft-fe>-9-2 4tS^ 

# otsft^) p*^«»»«2 ofcmasnsj^fc: 

[0 0 6 9] &*5, Jt-feV-9-2 4Ci, Mtt-JXAX 
x- s;ws TOrt»JcK»*i&S«ft<. M*.fcf. H3 
30 te^nSSSHffiffSISgS 9' <DftK, 7t-b^2 4^ 

*5^T, ^XAXf-^WSTC^ ^C0±@i7b^x/N 
WOSIfcSffH- ffitZtlfc 2 OOfl§P5 8 a, 5 8 

wcLTtuflt^tifcxy y h«9 o^swsn. H^xy 

y MS9 OT^^XAXf^ v^WS TOrtSPJCti, lx 

>X8 4, 8 6SK7-8 8**122 tmmcD&wm{% 

T-iEB^nTV^o c corner . ^xaXt-^WS Tcq 
rtgptcti, 7^h*VF8 5 felRSS^nTU^o C(D7 
40 >fh*VK85 ti, ^OAS^«8 5 a , X'J7h22 

fc, C07^h^VF8 5(7)taiB8 5b^ GSP5 8 

bo±ffi^s^$nrcis^u>X8 7cof5(?KTtcfian 

[0 0 7 0] ^ U>X8 7 tD±77tC*i. i^iMTt^VX 
8 7 \Ctt^T ^^(D^iyyXS 9^EI?tlT^5 0 
<!<DS3tU>X8 9 0±*0|*a«S8 5 b ^tttS^fig 

X8 9M^>^2 4ii, lEO(4BH«*gotir 
so -X 9 2 rttClRSft^tl, aS^-X 9 2 (i^P@^<D@^gP 
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[0 0 7 1] C©B3 0£H«ttMS5 9' Vlt, 

B3tt**PL*aaLTefc!HflB3tti Lic^-Dx^mm 

9HHS5 9 V *Mn7U7hfi9 0«^n§ 

i:, jfoxu y hfi9 o±oxu ^ h 2 2*asaLrcBa 

0MIL^I/>X8 4, 59— 8 8RXf ls>X8 6*ft 
LT7Y h^VF8 5<E>AttSS8 5 alcMfTSo 9^ 

^wsT<o^apfc:si#msnfejtt«±. ««u>X8 9* 

±»jw»B2 ouztB^stiSo 
[0072] c©«^ W-Wffl^*->oja»«oW-iBiJ 

It. 3BfcU>X8 7lc*fLTg7 I clx>X8 9&mt-fe> 

[0 0 7 3] C<0<k5fc:, £MfttHM8g 5 9 ' X 
•JyHS9 0, U>X8 4, 8 6. ^7-8 8, v-Y h 
*VF8 5StfMbVX8 7 frC <fc 0 . X'Jyh2 2* 
^Lfcft^x/NX^-^WS T^^»tt5*rS3t*mSP 

t> ^xaxt-^ws T^*m«nrc?t^S3t-r« 
Sitgpfctt. WicM^ntt^o fit, gnsft 

8 7 ^ffcb^XS 9 fc*^LTtt*«fcS«Sns 0 
[0 0 7 4] $Httti-iS5 9' -Pfc!:. T^-fe 

>*9"2 4 A^XMXf-^W S T WgSO^ffillCS 

«-e>ftT^*fc«>. jt*:>*9-2 4oig^tc®HLri^-~ 

ntci§^(D cfc-ptC^Ji^X^-^WS TOH»»«tfa 

[0 0 7 5] &*5. ffiH»fhiBlg5 9 (XfcfcS 9' ) * 
Stfig-TSXU ^ h«9 0±OXU >y h 2 

&tf£K»iHH!JS 5 9 (X(i5 9' ) ^ffl^TtTfc 

[0076] m\icm>). mm^Phcommic^ 
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t±, C077^>h«««ALGlkLT, Hftgyi 
^iCOF I A (Filed Image Alignment) %k<DT^^* 

ALGHi, H2fc^SnSJ:5K:* T^^Vhflift 
S3 2, a-7^7-3 4, ^l*tBll/>X3 6, Si 2 
*f^>X3 8, (CCD) 4 0i^T« 

-So C077^^VMjSSiALG I Tit. m4\zmz 

— 3 4, S 1 S14lU>X3 6 ^LT'JXAWIOT^ 
*Mw4ffl«L, fW7^f^>h7-^ 

3 4. m2ttVbls>X3 8*M/T»»}S?4 OTf* 

-^MwOilWWti^o fit, C<JMH«» 

^ m w <DKmmc tttst % yttemmmfimmm? 4oa> 

^^I¥^t§77^^>hT-^Mw©fiI^ 

&m3 1 om^T-fe^x^x^-^ws Tcommmm 

[0 0 7 7] Mlc, #3ilfiJg!»<Oi8tt^B 1 0 o-m. 
Hi fc**ft«J:3*i:* i»g!2 0lcJ;oU^ 
7tf*WSns*iB*Sl, fB»3te**P Locate: 

fcfetDjgfgs^^r. Jt*SAXtc3tfUT^»7?[RlJ:!?Haa* 
■T*!!BI#***6 0afc. ftiBOlSSDWO'JXAW 

*»A«Jt5SO*^JSE^fi[H«ffilR (7*- *X-te> 

^PLtc^^-^x^»3b^i;/-c*B-ti:^ 

6 0 brtOH^Lai^ffTKtOSWJt^OJtWJc^-r 

AX^I6li:jSUT^ffiB«ta^ (6 0 a, 6 0 b) tc 

KftoTt^, *HfiEJBS|eD^fi[Bl*a^ (6 

0 a. 6 0b) fcl^«(0^*jSffi|H*Hi* (7*-* 
X-lr^) f«^*f«FBH 5 F6-2 8 3 4 

[0 0 7 8] ±Wgl2 0T1t »a5-r«^ffiS3t«F 
(exlHlfeffl) StfD-UV^fil (GylErtte 
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[0 0 7 9] ^SlSSJgffiKDB^B 1 0 o iclstt 

[0080] si\ ^mm<ou^^^m^\c^r)u^ 

^;l/Xf-^RST(cKi^n^ 0 £ffiflp 
f-^RST(Offil«l»?n, l^*;bR±lcffM£ 

[0 0 8 1 ] ±©JffllgB 2 0 lc <fc ?> . ^P^ff-jiJ 

h^¥^A l g i \z£-DT^mmwm5 gcofiga* 

-T^>h7t^A L G 1 tC<£oTXU 7h2 2*M£ffiS 
tlTV^aiW^SnTV^o £MWSB2 OTtt, C 
OZ^-f^VhglfflilA L G 1 0«Wfi^Stf^Oi:# 

-^mvmmwty^^^^hyt^A l g i ^cdw 
Wffis. -r^-sz^-r^^hss^A l g i co^-x 

[0082] frfr*'*— x^-rvu-iBU^iHT'rs ± 
*j»SB2 oic&k>. m^i£^mm6 1-44429^ 
'j>m&EizmmicM7K?£ti2> eg a (x>/n>x h • y 

a— . T^^Vh) HO^x/NZv-r^>h^fT 

[0 0 8 3] ±ig|0£B2 0TU ±T*^«)/c 

n^LOO, ^XAXf-^WS 1 S/3 7 MS 

©*ltMS&fi[fiJc:fi[Bi*«)-rs^^fetc. l/f^;l/Xf 
-^R S T*jfe3SBB5&ffifi»cffiBa«>br, ^<D!g 1 ^> 

[0 0 8 4] T&fr^u ^33JWSB2 OT'ti. 
Xf-^*R S Tt^XAXf-^WS T^OY^fRliS 
ft*©ffi»^S*S8*&U iXf-^RST, WSTtf 
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tfga$&2ft£o CO^SBJtOBBft&^JfeitoT. ftgto 

owuf^/i/xf-^R s TtD&mtmmmmzti 

[0 0 8 5] ±Migi2 0711, Wfc±IE©jt*B3fe 
fiflcU?-^;l/Xf-^R S TCDYfft75"fn]<O^Kj^jSV r 

<l;5f;:l/f^;I/Xf-^R S TS^xaxt-^WS 

T*iiim»ir<5o 

[00 8 6] fit, U^^;l/RtD^^ — >®«(DS35: 

20 [0 0 8 7] ilHTSlv'H^hK^SIWI? 

^aEHSftffiB^»***^3 y hPiOX-r tf 

±3!i:|ii«ti:LT?T5o «t£> JB3S/3yMWtt*t 

[0 0 8 8] CCDcfc-McbT, v's *y hP^£0X-r^ tf> 
^ttf^i:->3yKD^SB3tt»^4:Wlllt)ig*n. Xir 
7 KX4^t ^ST^XAWIO^TOS/ 3 *y h 
SHigtcU^^^I/R^^^-^li^^tiSo 
30 [0 0 8 9] cct\ ±EO^*B3t*fc:*i. SKJfc^ 

t*mcmttif*>nrzy ceo 

a, 6 0 b) K<fcoT^x^\W«ffl£j£^^ P L 

t<omm. xyw k:3#-rs«» 
*wasn. ±wsi2 oic^ot^xAwiihg 

[0 0 9 0] t<lZT\ ±MZ(D7&MmyctplC l«?-?Jl 

znr^&ct, Rxsmm^p L(D&mw&tfmm 
[0091] ^mtmmrei*. im^mwm'&mYm 

tC, £H«ffl-«!l»5 9X14 5 9' (WT, ft«LT 
P^®ftiffl§§5 9j £I5-T) ^fflt^nSo WT. 

[0 0 9 2] B2ttt, £RH«tt9JS5 9*:JB^T. U 
so nTt^lg*^tt^*^^nTl/^o U^;l/R£LT 
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Die, Uf^;l/Xf^^R S TlcUT-ZiltmttncDJ} 
[0 0 9 3] ClT\ U^*;l/Rlcti\ 0 2tC;S2ftl£ 

W3eo«Hfffcxiwrfiifc:iiMi!tt**-ra5-Y> 

*«nt^*60k«o *fc, 3IMVHMI5 9 0X 

y7H9oic^ H6 (a) tc^^n^^atc Y$a 
tl/sj marr^c 

[0 0 9 4] 2Hltt4>tf-Mtc Sfc 0 s ±H8SB 2 0 fc: 
<fc!K RTIfjU^^;l/y^^>F 1 2*^HiS<0'75>f>' 

PMlc^oTIetfJK BSSLLfcJtt (BHWJt I L) liSKft 

»^->PM^» (mm) pm' ^jgj««n 
* 0 cots* ^xaxt-^wst^ snmHHs 

5 9£OXU ^ ME 9 0±OXU 7h2 2©+XI (X« 
-X» tcA<HE2H&PM' ^M^nsffilic^^ 

ffiBtfB6 (A) tc^^nxi^o 

[0 0 9 5] fit, ±mm&W2 0lC<fcD. «>XAX 
(A) ^Jc^9lFT^StiS<fc-5^ + X^TiRitcBBi«n 

itsnso co^3S^ic> y h 2 2*iiia-rsjtt 

(89915*1 L) A^XAXf-^WSTrt^^ 
[0 0 9 6] 06 (B) tcti, ±fEQ£|ia<g*iti»J<DEHC 



10 



[0 0 9 7] SKiPM* &X'J yh2 2<D 

•k:»-r*^aE*lRl, T*b-&Xtt#|qj) <D*B (2D) 
[0 0 9 8] fct, X'J7h*p (x) , £RBtt<D% 

(x) , «»arns*3S««^*m (x) t 
SIWOittMi (x) £MiiJ£n£3i*j*{i 
■Sfm (x) (DBB^^^O (1) ST«tCJ:tfT*«o 
C<0 (1) i£fc::fc^T, 3ft*##i (x) , ^ftfi^m 

(x) (ommmtiL&t£)%rc*)<D&m£?$>o 

[0 0 9 9] 

[»13 

m(x)- fp(x-u) i(u)du --(1) 



[0 10 0] 
[»2] 



<H>j» 



(2) 



[0 10 1] T&fr^ «aJStlSMlft«*m (x) 1* 
XU^hp (x) fcfflH«03Sa»« i (x) 

[0102] fi£oT. ttW»ft(0Ha*p&tt. X'J^ho 
^S73fRlcOJps (WT. rwyKU 2D 

[0 10 3] %9&g&, XU y MB 2 D*. SWift I L 
OifcgA. filKtt^P L(OBBPlSN. A. (DWlWl f 

(A/N. A. ) i:lt, ffl^cOi/^iU— >a>Rtf 
*«MF*liOiBLfTofc« XU-yMB2D = 

n- (A/N. A. ) i:L, /)OMn^ 1 tL/:l^ 



[0104] ±EoA»ais»o— 00*. 

[0 10 5] 

[Si] 







(a) 2£g/aa*u>X0>5ii a » 


B=AxO. 8 


248 


0.68 


364 


291 


248 


0.75 


331 


264 


193 


0.65 


297 


238 


193 


0.75 


257 


206 


193 


0.85 


227 


182 



B) fig&Stf. 8i§3 00 n m«T*<aWBS:«Tfe so £ c 
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[0 10 7] ^DAUf?;Wt If 1 0 OnmggO 

te, 2. 2 8 6mm. 3. 0 4 8mm. 4. 5 7 2m 
rru 6. 3 5mmf©t>(Dtf«l*Wl?$5o 
[0 10 8] ±^iiP<. XU >y h«2Dtt, /h*V^S 

[0 10 9] %Ra#*^>=iU— >3>St/H»l?tc<J: 

[0110] dft$'C©«rafrSW5frft«k3lc. *S8 
*»«IT«4, H8flB«*3Rl 0. £HfttHM88 5 9 (XU 20 
v h«9 OStfTt-trV-9-2 , ^xaXt- 

W S t & tf±»JffligH 2 0 ic cfc o T^Pi«W-9J««^« 

[0111] ±iSLfc^ra«ttjW««aa r ffiH»ffl-iai* 

a. ^Xh7t-^Xfil(D^ b. /S^ — > 
«0*S«HM©«l±U c. 77^^>MffiiALGO 

[0112] *nMmm<Dmyt&w 1 ookubw-sc. 30 

±8Ba. ^Xh7t- ^XfifcffiO&m&tfb. — > 

[0 1 1 3] 07—0 1 2lCte N ^-TVipiO. 2/inu 
-T^-xfttS 0%CDL/S*T-^O^«^HuaiL/c 40 

3 ><D*fNi. HWPHt<0«fi2 4 8 n nu &&?c¥3fr<D 
N. A. =0. 6 8,P^t-l/>X77^^o = 
0. 8 5T\ XU^hipg2D = 0. 3|imt'^ 0 CCD 
$km*. SlOB^mcjfi^o i7-il 2(C 

[0 114] 07te. -CX h:7* — *X(iilT^^=a 
> a >e*«r^-To C 7lC*><^T > *3ST*^5 so 
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ftSiKJgP 2«0. 2/imL/S^PI»T* (1) SO 

i (x) tefflsu jS«-e^*ft***P3tf^y 7h 
(i) s^m (x) tctia*r^c 

[0 115] H8ttH7(D3fifte^P 3, ffttotm 
(x) *7-Ux*JftLfe»OSHffl«ftia»*. tcO 
SSJgff^P 3 i:i:t>tc^-r 0 0 8lc;fc^T, aaa^s 

n««jBP4t±o-AH»aj«»*. — jS«»T**ns 

P6(i2«M^ mST^*n«iB»BP7tt3 

^n^n*rr 0 asm P4 
— P7*±. awjssa^-rsfcft. 1. ojewtttjL 

[0 116] H9tt^Xh7*-*Xffii^60. 2 /i 
mf7t-^Xl fcm&CD is^n Is— is 3 

*r 0 cosoKfevT. Hit^n§WP2iio. 

2/imL/SO»T(l)StOi (x) ICffi^U 

i^it^^n^MP 3^xu 7 h^s (^sgftff- 

»J) fc«fcoT»&*l5ft»tfMI*fT? (1) SOm (x) 

[0 1 1 7] 01 0tiH9O3Sfl{I-^P 3&7— 'Jx^ 
»LfclSOffiHHiS»J5!c»*. 7£0»«m^P 3 1 1 
IC^-To 01 0U:£>1^T. Wt/f^MMP4(J:0 
-jS««T^£ftSS3g P5ttl 

aawt»«, — Mt«»^snsi!SJBP6«±2*HiS[ft 
»^3S«najs*P7tt33fcHjga»*»*. 
^n^n^-To 01 om P4-P7(±, man 
*mmz?z>rc^ 1. o^tiitfLt/T^tir^ 

[0 1 1 8] @1 Hi^Xh7t^Xfitl^P)0. 3 
fimf7t-iJXL /ct§^0>> a. Is— is 3 >$S^£:^ 
-To COBl Hc4o^T, $mv?r;ZftZ>m&P 2l£ 
0. 2/imL/S©Sffl«T (xMcfflS 
U j5»T^£ft3ffiJgP 3tfXU -y h^l ©H« 

tt-fflij) ic£oTf#£ft*ftiifiSf§^T* (i) iW)m 
(x) jc«a-rso 

[0 1 191B12UB1 1 cD&mm^P 3^7-Ux 

feic^-To 01 2tcfeo>r, ssia-e^^nsffijBP 4« 
o^»»j«#*\ — ^|g»^^nsi6^p 5 & i ^ 

®Lj&ft*. *»^«n*aroP7«±3*jBiaaR«» 
^n^n^-To ^c^fe. hi 2m P4 — P7«\ 
«gij*ssfc-r*fc«). i. or£tts±tf Lt^^nt 

[0 12 0] H7 fcg|9 ^^tfcK-rSfcfe^S^d^ 
0. 2 pm(DTy*—*>XlC&^TmZfrlC{%CDBiktf 

*-^Xfi0^^cffoTW6*^c»<0JB«A^e>fc:Ma 
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[0121] £/c, ±i&(D&?ic, Tt^sm^ p 3 %m 
*s 0 m^£, i*H»»a»p 5i:o^siifi»ua»p 
^vh^xMcsabr^s^ asfc^sfts^xh 
s c ii oic^3ns^xh:7*— #xffiBfr& 

0. 2 /imf7t-^XL/cl^M>h7Xh(t 
0. 2 4T*$5o Sfc* 0 1 2tC^2ftS^X h!7;* — 
*Xfii^5 0. 3^mf7t-^XL/c^3yh 10 
^XMi, 0. 0 4 7T*£5o 

[0 12 2] (1^/0^) OfiWJtt** 

■r s o -esfittfi-^ ^^xh7^ xfin ^syg-r s 
s v * - * xffiB#jR#> zcticx-D rfiia RifigT*fe 

So 

[0 12 3] #*a»B!li-Ctt, ^OctafcLT 

[0 12 4] C(0^h7t-A^fl[B©ittJ(Cli, OT 
^X/N±T^^>itl0. 2/im (U^;l/±tM 
(im) . r-rJt5 0%OL/S ftl'Jffl 

i^^;nr ^-rs) tffflt^nso c<D^xh:7*— 

[0125] mT©^^;l/P-^CcJ:!), u 
So iW««l2om Ut^ur' ±ottaij 30 
-rs^atc. i/^^i/Xf—>*RST^it§ 0 

[0 12 6] 3We\ ±W812 OTte. SWBJtel L# 
fHBflJS^ £ - V P MgP#<D#lcRgS* £ ft Scfc-5 tCPjKj U 

So CQl#rC\ ^«n*SB2 gBWJtl L*U 

-^WS T*X»^Jzi3t3iLa*<6ffira»W-«!J«85 9 

[0 12 7] f Lt, £M«SB2 oru mjiaaoii 
ftifti7-Ux$ftL, *ti*ti<D l %n«K«^£: 

fc45)taSf f KfllStS^XAXf-^W S T<DZ so 
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fig or ftfc>-&. xu v hffi 9 oozia75frq]^ffie) * 
#xffig (f7^-*xi) jcjsDTasR^^ft-r 

[0 12 8] &*5. 2*W±Oift*<oaa»(0»»afiR» 

xictt?%mm&+#temn&^m&&&%t)\ s/n 

it (^^t;V//^X) OMl-ei!B«««ftv^«*»t:a:** 
0«*a*»O«*ltoaEfl:*«j||LT«>^Xh7* — 

L/S v-^ti^^viB^x^-Xffi^Ll/^^— -r 
-<J±;5 0 c Li^, ^ftW 

^<D-r a— r--r tbOT— ^ffll^S c £ ^ojfgT^So 

vtt. JtoD (3) Sgfi^*S«^fc&»&«**W& 
ftSCfctfWELfco 
[0 12 9] 

Pm= A/N. A. x (l~l . 2) - (3) 

3£Jtft^P ( (1) S©m (x) ) (Dmftmbm±£%: 

^X h 7*— #XffiB©l$ffi#^iT*£o 
[0 13 0] $7c, a»3t*»PLO«ffi««<0«ffl 

M\ ^CDJ;-7tcLTfT^Ci:^T^So 
[0 13 1] -r&rt^, CO«BS)B«0«tfJ^RILT 

te. -MfcLTBl 3tC^ftScfc5tC, 

PArtlc. WabfcW-Wffl/^*— >PMkBI— ^ffiB— 

««BOW-i«ffl/<*— > P Mi - P Mn OTBritSftfctHWffl 

b^^;l/R l tffflt^ti5o 

[0 13 2] $"3% TOOI/fi';l/n-^J;!)> U 
**71/Xt— v^R S T±lcU=?-?jlR 1 tfD-FJh 
S 0 ±»J»8l2om L^7^^;l^R 1 o^^tc 

^ffi-TSH-iOffl/^-VPMk^ f8JB3tt**P L<0}t 

^Sj-TSo ^JC, ±4flffll«« 2 0 T*tt, RSWftl LtfW- 
Sllfla^*— > P Mi gP^tD^tcSaftf 2ftS J: -5 ^ pJiEfjlx 
^^;I/y^^>Fl 2*Kft»JWLTKWflB«*«S-r 
So CO«ffiT% ^$«JffllSB2 0Tii, BBWJttl L^l^ 
t^^^R HCRBWUT^ Hua^ra«JcLT. XU^yhX 

v p Mi (D&mimMRv m&yt¥-% PL^xh7 
ti^-So 

[0 13 3] wYfflm'*? — VPMi^ffll/^c^X h 

RSWJtt l L^iJjffl/^->PM2gp^^lcpa|4^ft 
Set o^pJ^U^^^l/^^-r^F 1 2^:ggifiMffllLT?s 
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hx+t >ttTmmm'*$->p m 2 

coi3 4] a*, ±M»8i2om ±safcn« 

[0135] cn^^Dt#enfc#^xh^^~ ^xfi 

^fT r> c ic £ Q . SKft^lS P L ©fcffiJEtt* 
[0 13 6] »»3tt*3RPLO«BB. iTS:*^ B£fi£ 

i£EJ;?K •ffi«tt*8Sfc:3!poiEBiK:*«>*ci:^t» 

[0 13 7] W±K:J:0. tu3SLfcA. S»)t**PL 
O^X h 7 * - ti xffi«©ttttJRtf ll&BffcE 

[0 13 8] Sfc* »»3***PL03»ffi«B 

[0 13 9] -TfttrS. C*WffilRSO«aJ«:l8LT 

«\ #gxte\ hi 4 ic^ns**?^*— vsaap a 

rt<OX«i*iRiosffiti**i:. Ytt*iRifc:mse«BTT 

«u MaLfctf-jUffl/^*— vPMtn— Tfttni— jam© 

SHKB (ffflfctf, W-fflffi'**— >PM 1 ©HUB (v— ^ 
l£-y*0 Ol. 5~2fggfi) TXte^tcMA^c L/ 

[0 14 0] $-T, ^FB^OU^-i'Jl/a— £*te«fc!K u 
ffl;^-ypMi^ lft»«**PLO«lili±«cetf— 
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-c\ ±*j»sb 2 o mmyti l^i^^r 2tc 

<fcO^H«ti-jB!l»5 9*fflt>TlH(l^-yPMl © 
^IHMtW&tf SRft¥5S P L ©^X h 7 * - * XffiS 

[0141] ffifflffi^*— >PM 1 »MXh7t 

BlWiifel L*WiBffl^*->PM2»^!!a«*tiS«fc 
■3tcU^^;l/X-r-^R S T*-Y*iRiK:BrffiE«|»» 
*T£o C©tt«T% iiEfcHttttC. XU7hX^>S 
ST*ttIffl;^->PM2 c0ffi«l«W-«&r/aR)t¥3fi 

[0 14 2] cntCcfc Dtf&ftfc&^Xh^-^Xffi 

[0 14 3] IRffilKMld:. ft^©BSPiRM© 1 "OT*£ 

xh^^-^xfigco^m^, sa«ify^©»aoL 



r© 



^Xh7^-*XffiS©S<DSH^«Sti3 o<2 0 nm 

[0144] >«otg»fi[@o«iai> > 

[0 14 5] W-fflffl/^*— v (^aMftfcfcSv—*) 

ttotf-«iis*i:a*fl9»*:— a-rsc fc^a* l^©t% 

[0 14 6] 
»2] 







man-am-^-* 




Box in Box Mark * 


Box in Box Mark % 




Line in Box Mark % 
L/SV— <7 


Line in Box Mark „ 
L/S-7— ^, ^/JnL7SV— ^7 




Box in Box Mark „ 


Box in Box Mark * 
XL/S-7— ^ 



[0 14 7]»:, J8»**3RP LOIS*Mf-rXh 



50 



1 SlCTjk^n^^dlc. >m%LP A©*iL>gfr&tf 

4^©g{5^tC. ^8t5f@©l 5 0/xmft (JS^fg^ 1 / 
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SfHMJf ->^— > B Mi — B Ms U*- 
>y h 2 2 b ttfmj&2tiT^Z>£t$>l^ -)xnXf- 

>>w s t (D^(D^mt^%ms^ >+T 2 4 cx«ig 
3 (Dytmm^Rzf^ytm t<tt)xy7h22a, 22 

CD^-T^o llT% Wtt0!ia.tfO. U± 
®I*J£ 2 5 |im^5 0 
[0 14 8] £t\ ^fm^(DU9-^JVa — ^CJ;D, u 
^-^/l/Xf-^R S T±(cl/f^;l/R3^u~K?n 

sT*witSo ^ummm2 om SHroti 

L tftHlffl/0->B Mi ^trrfflffl;^— > B Mi <£ 
D - m D ««««#<D * Raw £ ti £ 5 oJ 

£u^;ur 3icBasfTSo cntc^o. hi 

n^J:-5tc N IfWffl/^ — >BMi0^r^ftBMi' , f 

So 

[0 14 9] C«T% i*Jffl^H2 01?tt, Bll 6 

sn/-c^*m^m (x) ^r^^utcisft-rso 
£«in>£B 2 o -m. mztircm&mm^m u) teas 

^>PMiO|giffiIS*a65o lCT% coMffl 

(D^&tLTte, mz.i£. yt&mm*§m (x) ^^-u 

*S<D#I*tf i^JK^fn#;Ra63£fc£>fc:, SufBi^H 

»S![js» tent m-m m^mm t^ t&$M t omo 

*f&WL'zm£>tircffi(DmiE& (7— > 10 
*#*sc tic d: i ^a»a«»©aqwi#jc»-r 

P MiOXfel x i *jR«>5 ^ i/^ — «W£75ffi*ffi^3 
[0 15 0] ±fflmmW2 0TU ^X/nXt- 

ffl^rffaijffl/^^— > p Mi ospa«tfao^?Ti/\ ^<e> 

»«fc*9»e>nfctt»S^^m (y) ***UK:fE« 
t§ 0 fit, ±SSi:|niaio{aiS«aiO¥ffi^ckD. st 



(17) WM2 002-1 4005 
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[0 15 1] ±l5©Uf-^;l/R3 0ffifi-rn<D*fiE^« 

T-r^fc. ±»jwhe«2ow*. saw* i ljwh-«b>* 

* - > B M 2 *-atrtHMfl! 9 - 1/ B M 2 J: 9 — IB 0 

5^^hM 2*Bt»Jf LTIffl««*igtSo CO 

10 ^*-VBMz<DffiH«ff»Jarf*OXY(ftBOW-j|J* 

[0 15 2] Mk. £«J«£B2 JtlEfcHltl 
fc, B8W««*KMLoo. lt»Jffl^^->BM 3 -B 
Msti:ov>T^llj|iCDttM&t>*x YfflHoW-iBISJiOiE 
Ut5o 

[0 15 3] Ctl^cfc^^^nfctfSlffl/^^— >BM 2 
— BMsCOffiUffl (x2, yz) . (X3. y 3 ) % (xi, 
yO % (xs N ys) tCS-^T. RFf^O^PL^rtf *5 C 

20 S^ttltSo 

[0 15 4] fVXh->3>^(l — iS7*^ JV 

[0 15 5] fct, ±^l/ciS$Mf^Xh-S/3 

[0 15 6] {!U *-^3 0 /imft(D/^->(|BM 

n' (n=K 2. , 5) ^XU7hX+t>LT 

fetOlfcOiy S^tt 2«BrL^ft<, 

mm£5 |/mJ^±(D7^y^L/S/^-> (d 

40 s) *^fiKsttaiJ^^^— > («a± rcMi-cMsj 
^n/ci^^^^fflv^ncfa^^ 01 7^ti N c£D<j;^ 

*U?-^;l/*fflv^TffiH«»HBI*fTaiBU:, XU7 

9 0 ±l£*<Dftmm'i9— >C Mi -CM5(O^P5® CM 

»' (n=K 2. 5) *%«*nfctt«*«^*tl 

[0 15 7] &:Jb\ ±T(i. (fttBfeffiO^jSJiicJ:?). tj- 
SJffl/ - > ©^H«<DffiB-r ti*H-i«-r * fe O i: L fc 

so 3£OffinflW-B«»K%¥9R P L (D^ft-iSy * —)V F 



(18) 



2002-1 4005 



33 

tiCMn) O^Kft (BMn* XiiCMn' ) CO^Ti 
fl^m (x) 0fcBSE»HI*§) ftlftl^^OX^'l' 
gROtt ( B Mn ' XttCMn' ) ©ffifi (x^SXDffifi) 

§ci:i:LTtgt\ tt. x^>fxffi*ffi 

^7^-;i/Krtosasfi[«tc:*s»$ns^ra{a (bm 

n* xttCM„' ) ©ffiH*^ft^ft»«fi<:£a&sc:i: 

* « n & x ^ x urn* -e&y&b&mmfi 2 <s { t s ft. 

7<D®BP 2 t P 3 -3 ffi 

*f*»K <fc tmBHcfS&ftS U^X h«<DXy ^ffiB* 

[0 15 8] £CZT% ittOIKtSItftt, S^7t¥ 20 

x^N«rffli/^T^OJ;-5tcLTfift)tlTl/^o llT\ S 

Tx^V^fiV, fOX7f^ftt7»)^B0 
^ftW-jHLT*^fcfeOT*a 0 fit, BftSS<D-r 
<DT*7$— B 0X7- ^<D4^LUC 1 0 tzm^<D-f >^ 

[0 15 9] (Jot, *>X/\± («BB±) TM 0|imft 
CO B O X7-^O^H««x >y ^tttfJG^ttlc <£ 0 tttti 

iRMO^S^^^x/^fflv^^fe^^X h-^a 

fc*. ±fa^a^ , >x/N^^fcT ? ^xh-->'3>tfsij 

^fnl^^:«ja (accuracy) Tf>f Xh->3 

£ St SCI T* £ £ £ 3 £ ft £ o 
[0 16 0] cn^HItS/'ctf)^ BuSSL/cfv^X 40 

mft (^X/\±l 0/imft) (D^>t-BOXY-^^ 
JBJl!tr§C£tf#x£ft£o L*P*IC* liSOCMPy 
P-bXTO, £x/\_t l 0 /xm^iD*T— ^ti-xV 

^#£C£/ca6fc:Aft5ftfti\, 

X/n±1 0 /imft©BOXT- ^^tfiW^fnl (1 0 /x 
mTfcSiSBttftV^ ^Xb^:/ttlcM#{LL/cv- 

* CUT, SHt MBOX7-^j fcPp-SO *fll^ 

Tx ffiM«M-«*fir^arfit^O«Bk:aLfco ^<DH so 
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HIT'S ^<D«MB75TfRlJcSii[4*fRlJcSH«W-a!|ffi 
•fr Bf# & ft * k » & ft * 

[0162] 0 1 sicTnznzmfflmurz 

;l/R 3©tHHfl!>*#— >BMi — BMstCf^T, ffSJffl 
^*->*X^JcHLTXh9>f ^ttJclffl^ftLfeB 
m4-^y^X/^->^^urc»t^filJffl^^^;l/R3 , * 

JE^T, 89afcra«o#iB-px-y^«ai©*ttte:<tsia 

^^PLOT-VXh-^3>tfIiJ^To/c^. «■ 

OYffiBfc^tOffifca^clh^SSS^ft^o Cft<£ 

Y^tcMLTffl»fk^ftfcSfH^y^X/^*-> 
£\ X^iafcBLT«l»fkSftfcBiH#v*^V—> 

fcw«asftfctt«ifflu?-*;i/aif*««u ^ft^fft 

[0163101 8fc«U ±a?UrcY^ffRltcB8bTOT» 
fb^ftfcJUH^-y^X/^*— X#|rH£:HLT*H# 
ft* ft fcMCUS 7^X/^-> * OfficD tHBIffl > 
»^n/:V-^7P7^ (3 0 0/imft) ©— ffiltf 
^ntt^o C^)I1 8*C:fc^T\ S^MMl, MM 
2fcJ\ #JpUf 5*<D5 /xmL/ST— 

— >T*%>*). ^MM3, MM4li, Mx-lf 2 9 

!J§MM5, MM 6 te> 0IJx.fcf 1 1*02. 
5 ft m L/ S 7-*fr&«3«{H#* *X/**->-Cfc 

=f- 5 ;l/Jf> U^ 1 ^ ;U:7 y -r a — > * ^ tgtc JB/S ^ ft 

2. 5/tmL/SiS WxaIO. 5/zmL/Sg 

[0 16 4] ^tc. mm^(DZ2^\um(onmi^mic 

-D^rmmirz> 0 nviRHOthja^, L/Sv-^^ft 

iBJffl/^^ — V^LTffl^S^lCOTait^ Line in Box 

[0 16 5] (SioSS) *««»ifelcj:0. 

©sffia^ffl^ffli/^Sfffi^asftTi/^o cct% ts 

019tC^^ft^O. 2/irnL/Sv-^ (fixftM) CD 

(4) SO«t^£i$nSo 
[0 16 6] 



(19) 
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[&3] 



[0167] Attffl«3%*»^ta»*¥3S csieu> 

[0 1 6 8] ^K«ttiH!lic*50>Tt><ieDck5ftL/S^1 

t. ffiw#u:»ft;-rs*3ftae#*iBaaHMi ui/^ io 

S/3;l/FI/^;W T'2ffifkL, U^xb«©i84ifc:ilr3 
[0 l 6 9] WT, C(0l»<ia«fitOW-aaie:J:S3TiR 

£ Q ttSdffl/^-^DMi — DMs £ ITli, ^-TViii 1 20 
/i m (»>X/Mli±T0. 2jim) TTa- 7^i±5 0% 
OXtt*lRik:H»itt**'rSL/S/^— 

* 0 col*, -gmmtmms 9*i*r*xy 

*y h«9 0&tf^ntMN-n«5 9 0^^fi. SKSLfc 

So 

[0 17 0] <K0«£\ ±Wil2 0TU tu^L/c 

^^77^^F, atfffllBH»fHII*ffoT, 
^-yDM2-DMsOSffl» (DM2 1 ~DMs' ^"T 30 

[0 17 1] f LT, COiP,tl^MS^iri 
(x) iiflff^OX^-YXU^l/heD^^^n^n* 

dm 5 ' o^n^ntcoi^T&^>o^>i|§^;K 

(4) SlcS^TJWHU d©»ffl*£*tc»-^v>Tta 

[0 1 7 2] n^lRM^, b>X©l^(Di?^T'fS$^ 

c tc i 3 U>X<DiRMT*fe 5 . JSKJES*^ PL 40 

^m-r^±He^stc^^i: > =f^iRn*ttaa<, fro 

[0 17 3] £43. SifflJJB'^-VDMi-DMstfS 
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.£) i:Ltffli^n5«^c, X'J7 h«9 0±fcWSI 
[0 17 4] C^FItEM' «\ 02 2tC^^n^J; 

sic, 2ooi*»4«»»«^ -rft*>-53Wt£SMi 
vmmmiH&ft miw*nwau&m f it, #l 

T^3. 6 fimtfy^»Ci#j6-r f 2 
[0 17 5] ftoT. MSfi2:n«IC. ±3?Mi2 0T 

T\ ti-»J^^->EM2 — EM5<DSm« ( E M2 * - 

ems' fc-rs) fcftfcTzyt&mm^m u) *ntc 
m&tz* &ymmm^<om 1 m*mmtLf&fth, jg2« 

[0176] fflB«tHBoa«fcft«^<*— ><o*aE* 

4:. L/S/^#->o±i*oi|iK:i*fi;-rs»2l6*Hift 

(±<D#JT*te0. 4/xm) ^5*07-^^5SSv- 
[0 17 7] («2 0*tt) 3VlRao*2 0S!l 

^ffitc-ov>T»iwrso cosa-en, 023 (a) 
^gp^^^w- 5 arnt ff-ajffl^ > f Mi — f Ms tm 

— >FMn (n=K 2. 5) tLTte, 023 

(B) lCj£^LT^£n&<£5 3:Line in Box Mark^o? 

02 3 (B) ICxkZftZ&olC, liS^Dl (gy 
X.tfD 1 = 1 50|im) (DtE-fim^Z — >OrtSP^C. [BJ 
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i&TJtPO 1 mtfD 2 (flftRtf D 2 = 1 0 0 \i m) 
JgOX^-X^^-> (iD3) 

<xd^l4c2 o ixmn<Dmmtmn\^m^n^o mm 

it (S*/N. A. ) /2WTSgW*<£fc*3Ci:# 
[0 17 8] ^ftSiJfl§->^— >FM„^ 

[0 17 9] f/c, CO»§, ffiH«tHHJ«5 9*«l£ 
t«XU v MS 9 0&tFSnB«MHMS5 9<D#hft«tt. 

[0 18 0] ^CT% ±Wgl2 OTti, HuiEL/H& 

^ • x-^xh— >a vw-afjoaikraaio^jBT, urn 

->FMz-FM50SH» (FM2* -FMs' 

fc#*&r*3tah*«^m (x) 
[oi8i] fits &tt&m{mtm7£<DXz?^x\s 

m^rmm^p lo=ivirs**«)« 0 

[0 18 2] C^cfcdtCX^^XS^fflt^cX^^ta 

^ p l on ^m^mmSi ^TtSo 

[0 1 8 3] ±ROJ§^fc:*5^T\ X'j7hfi9 0±tD 
XV V h 2 2 a, 2 2 b <D@EM±. ^ttSJ^OXU >y 

£\ ±lBH-«ffl^-^FMn(Cftx.T. 0IJ^«fie5O 
/imlS[0*^7^^^->i:, CTxfcfJSWgO. 5 — 
0. 7 5 MmSfiOSMV^^>/^^->^fitSy7!ria^fJf 

[0 1 8 4] 02 41C^ £<D£o%iftmm'i9-> 
(GMnfct^) O^F^GMn' ^XU7hS9 0±(c 

M^n/cm^/fN^ntt^o con 2 4 tc^-c. 

D4fil 0/im, D5te0. 1—0. 15|imT^o 

a? t /ex ^ tc £ * zl * ^tao^atc j; d mat 

[0 1 8 5] t£3£7^ (tf-aPJ^lRl) 



(20) #12 0 0 2-1 4 0 0 5 
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n-?z>f&m, amm^—> (gm„) o^tc ^4 

[0 18 6] ZcDTztb, ±fiBO^KftGMn' ©»»tt 

[0187] mm, c^t, w-iBnsit*isi±-r« 

10 m2 SO^o^^'MLmm^nrcmmm^^- 

[0 18 8] ^tc. BaWT-U-b^OiB^Stcoi^TBi 
[0 18 9] raWxU4r>tt«ffiS^-r^*-*XtuJ: 

j&^tf&fcl Boxin Box Markfe^(/Hi^;L/ 

SV-^tfffll^n, ^Xh7*-^Xffil, +1 fim 

XflM<DH«*tHllU RgW-rU-fev (= 0»©8frftt 

i/f7t-^xi) ) *gt«^*cfc#m?n£ 0 

[0 19 0] SH«fl-i8lJO«^tt, mMfcri 

[0 19 1] ^PWc^Lfccfc^tc. 
JgfficOB^Bl 0 0tc£££, XU >y h«2 D = n • 
30 (A/N. A. ) . n^0. 8 7?S5X'Jyhfi9 0* 

-is* A, * «±<d tfifflffl ^ ^ - «»ai*fir 
^ d lc J: 0 , ffiH«-^ffiM«3ft«e*<D*»iOlBfc« 

i:^^ 0 co«^ *t>»2 4 UK 

[0192] S/c, H^IgM 1 0 om ±MffSsS2 
40 0^. 3gMf*tfa!l*5 9*fflO^THuai<OXU ^ h^t 

v\ d<otfa^sjcs^^Ta»^e^p lwh^o 



(21) 
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[0 19 3] £<D£51C, m^t&mi 0 OT'li, fi&Rtf 

[0 1 9 4] Hytggl 0 0m ±fW«®B2 

otc£D. SIHHWN-HS5 9^fflv>r. T-*«tti3fci: 
Lt<D77^ '^VbllfltttA L G 1 X^-f >fi(7y 

[0 19 5] ±ES8iBEIlTB\ X»JybS2D 

tf, 8HW^eo»SAi:«IB)tt*3RPLOIJflPftN. A. 

[0 19 6] *T&t>^ X D »y h<@2 D3?\ jfcg A . M 
□SN. A. Ol/^n^— ^cD**#fllLTS«)Tfe^ 

yh«*«lAfcfflllB«HII»*fflV^Tfc. ±iE*««t8 

[0 19 7] X'J y h« (2D) O^tcMLT 

MtcBlW-rSo -WtLT, :7*-*XftSJ 

NocS 1/2 • DOFocA • S 1/2 / (N. 
Oli^So CCT% N. A. (i, SKJfc¥3S<DI»n 

S/Noc (N. A. ) 2 • S 1/2 /Aoc, 

[0204] (2) • y>rx*^EWft««- 

N^D0F<xA/ (N. A. ) 2 
S/Noc (NA) 2 • S/AocA • S/ 
[0 2 0 6] (6). (8) ^OXU^hi (2D) 
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[0198] m^<om<. a^f^xh7t-^ 

XfiSOfWi, XU y h®9 (XDZttTJlRj (y^fA* 

raj) ©ffiHssfts^oo. mm^$-><DQmmm 
ic^DSsn/tTtMi^ (i^/o^) (ommtfre 

^nyh7Xh^i*i:^I.X'J7 MS9 oozffiB 

[0 19 9] ^Xb7t- ^XOSIW^^LT 

tt. X'J7hfi9 0^ 0. 1 5 /im<Dtfy^HPiT, 
1 5SPg (Xf7^) SSSfk^**o 

[0 2 0 0] CCT\ H2 6*«^T±f20^Xh7* 

■Jyhfi90*i 3f£R§ (x-r^T) -ezdtertifcrjgeft: 

MTl#6tl/cl 3^3>h7Xh^8Ji 
02 6ct»lcxBPt?^$tiS l 3^tDn>h^xbO 

ttijffltcK^^T. 4^afioitt<ttftiac*«/jNz:mffi 
tcj:oT*46^o £<oiS:iimmct. m^&mm (xu 

= 2 B <d * j£«r^x h 7 * - * x fc*tj£-f * z ^ fit £ 

[0 2 0 1 ] 0 2 71C&, 0 2 6 ^R|«|(DlSE|Jb^*n 

affi^n7 7»Xh^-M *^-T 0 CC 
T\ 02 7tC*5tt^WZ (=X^^yif 7fxf-^ 
SO Of LftR07*-*X«Wia[i[*«^ 

[0 2 0 2] (1) ->a >y hy^Xa^ffitfJ&if^ 
1 yu8.ft<DMm%: S i:, v- 3 >y h y ^Xfi S 1/2 

tjtw-r*. i 2cra»sjs)t# a;a\ xs: r 1 

i: asa?-r 3 ) ©»,!© z tcK-T S ftiii©¥i3M# (if » * 

(D 0 F) fcEJ±0<|-r*©T?, & 1 ^^©j&Ps© 
A. ) 2 (5) 

[0203] Lfrstc, ttm.'<z-><Dm<m*p t?z> 

t. PocA/N. A. CDHBfI^feScDT% 
L • S 1/2 /P (6) 

j3c#©»a<o z tcH-r zmm<o¥-t$mzn dof tsjt 

(7) 

[0 2 0 5]foT, PkLT, 
P (8) 

<, SXNJ:ttis y -fX©ttMK <fc ot 1 ^»*iS© 
0. 5~ 1 JRtCtfcefrJ-r 5Ci:tfti*^o 
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[0 2 0 7] 02 8 (A) —0 3 1 (B) \Cit, XU V 
HI (2D) <Dtff&L\,^mW*M&%rc&(Dis^^\s-- 
^>3>fSI(7)-(?J^?nTl^o C(D-5^> 02 8 

(A) , 02 9 (A) , 123 0 (A) &tf03 1 (A) 
B\ N. A. =0. 68, A = 2 4 8 n rru o = 0. 8 
SO^Otl^^-To 02 8 (B) . 02 9 

(B) . 03 0 (B) RUm3 1 (B) fcfc. N. A. = 
0. 85. A=19 3nm, o-O. 8 5 0^fW^ 

[0 2 0 8] 02 8 (A) , (B) te, 7thv;W 10 
^^ffiV^c#IJ;£SU£LT (6) ^iSfflL/c«^0 
7*-*xmmcm*tZ> S/Nib^-To 02 8 (A) 
lc*5^T, (•) . ttffi (■) , M» (A) w 
iffl^-V^LT, ^■Y>!ffiL#^ft* r ft2 0 0 n 
rm 2 2 0 nrru 2 5 0 n mT\ fi-f H'tt^^f ^ 

{>5 0%(DL/s/^-y»/'ci^ -^n^n^ 

toi2 8 (B) £*>^T, I^JSl (•) . ttffi (■) > 

n^tl 1 2 0 n rru 1 3 0 n rru 140n mT\ to.— 
T^itaV^tlfc 5 0%OL/S/^>»/c|& 20 

[0209] 029 (A) , (B) tt, H2 8 (A) , 
(B) t ^ n»j£t 5 3 > h h *fxto 

m(*)- J i(r)<fr " (9) 
[0 2 16] 7*-*X^aitt»«l®WtOL/S^aft 

©sfifi*b - sin (on • x) £-r*uf, KWStlSXU 

■yhjSifiSfcflmo (x), mi (x) te^fD (10). 

(id xtOct^c&^o fib. toi (i. mmm<DQ 

[0 2 17] 
[&5] 

Ji+O 

m 0 (jc)-a J dt'2aD — (10) 

x-D 

o) i D = /r/2 • (2 n- 1) 
({SU n = 1 , 2, 3, ■■•) 

[0 2 2 1 ] (1 2) ^*S§£-r*fc£. D=/r/ (2 
o)i ) iM»oy>f>tfS*k4 
S (JVb7Xh^I*kS5) <DT\ X'J*y h*§2 D 

[0222] sft, i*jat»©y^>ww<. o3wa# 

ft«OT% *£S. (12)aT*n=10«^ so 
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7 — X b • (1st Order) T*65 0 C 

[0 2 1 0] 03 0 (A) . (B) iCte, 02 8 
(A) . (B) \C*tl?i\ttfc~?2>yT-Xb 

[02111028 (A), (B) *SmW^^*T 

U ^ hfe (2D) te. A*— >fe!y*- (=2 L) <D¥fr 

ST*6So fifoT, X U *y hm<DMatai*UXMW<DlR 
imm tf >y fO¥»S« 4: 4 £o 
[0 2 1 2] 03 1 (A) . (B) 02 8 (A) , 

(b) i:ra— *ffT. (8) ata«Lftifto7*- 

[0 2 13] XU ^y M62 DOgJSffclco^ 

[0 2 14] ^H«W-»J»OXU^K0iH2D, gRUffl 
©3S*»#*i (x) £TZ>tXVvbmi®&mm 
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